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INTRODUCTION. 


The Belgian State Railways have adopt- 
ed, commencing the 3 November 1924, a 
system of controlling the whole of the 
traffic movements at the important sorting 


q sidings at Schaerbeek-Formation. 


This station, which is being completely 
_ Yeorganised, consists of a series of scatte- 


(*) Translated from the French, 
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red sidings which it has been necessary 
to use indiscriminately for receiving in- 
coming trains, for sorting and for mar- 
shalling out-going trains. It is, moreo- 
yer, situated at a very important railway 
centre surrounded by junctions of such 
a nature that a freight train held up at 


certain home signals may completely stop 
traffic movements on the principal lines 
in the vicinity (fig. 1). 


At normal times, each set of sidings is 
worked independently, but if any set of 
sidings tends to become congested, part 
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of the traffic which is normally dealt with 
by the congested siding may be diverted 
to. other sets of sidings. ~ 

Moreover, all the lines radiating from 
Schaerbeek-Formation are organised on 
the « control or dispatching system ». 
In order that the intervention of the 
« controllers » may be efficacious, it is 
necessary that they should be in touch 


with an authority fully conversant and 
well informed with all the details of train 
rnovements at Schaerbeek-Formation. 
For this reason, it has been recognised | 
as necessary to institute a central office 
to control the entire movements in the 
station, to co-ordinate the work: at the 
various sorting sidings, to take decisions 
that will best serve the interests of the 


‘system as a whole, and to collect all infor- 
mation which may be used in determi- 
_ ning the amount of traffic to be catered 
_ for at any given moment and the best 
Means of providing for this. ~ 
In this way a scheme has arisen for 
__ instituting at Schaerbeek-Formation a 
new system similar to the « control or 
_ dispatching system » operated on the 
same principles, by appointing a Control- 


§ 1. — Present day situation. 


Up to 19141, Schaerbeek-Formation Sta- 
‘tion consisted of sidings J and K and a 
group of dead-end roads in a fan-shape 
formation (fig. 2). 25 

At that time, by reason of increased 
industrial and commercial activity, the 
limit of the capacity of these sidings was 
reached, and it was necessary to add, in 
accordance with the available space, 
groups of sidings M and U. In 1913, 
12 of the dead-end roads were lengthened 
to form siding V with an exit at both 
ends. - 

These sidings were not used exclusively 
for one class of operation such as receiv- 
ing in-coming trains, sorting and mar- 
shalling out-going trains. In each set ot 

sidings the whole of the operations for 
any given traffic was carried out, and 
this was not departed from except when 
_ it was necessary to assist a set of sidings 
_ which were becoming congested. 

f The group of sidings V and the dead- 
' end roads (31 roads) were used for traffic 
towards the Borinage and the Centre, 
towards the North and West of the 
In these sidings were also con- 
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ler, whose special duties are the control 
of all local problems of the traffic de- 
partment, having at his disposal a_per- 
fected telephone system. 


In order to fully understand the admi- 
nistrative organisation of the Controller’s 
office, it is necessary to give some details 
of the lay-out of the station and on its 
‘method of operation. 


i ; , CHAPTER I. 
i Details of the lay-out and method of working at Schaerbeek-Formation Station. 


centrated wagons used for local services 
(Schaerbeek and Haren-North goods yards 
and various private sidings, carriage and 
wagon shops and Brussels North engine 
shed). 

Groups of sidings J and K (17 roads) 
dealt with the greater part of the traffic 
towards the Port of Antwerp, . Charleroi 
and Tournaisis districts and the Western 
Ceinture Railway of Brussels. 

In group M (17 roads) was concentrated 
the traffic for the East of the country 
and for Schaerbeek (Josaphat). 

Group U (17 roads) was used for traffic 
to the South-East (Namur-Arlon-Luxem- 
burg line and branches) and for traffic 
proceeding from or going to the engine 
shed at Schaerbeek or in connection with 
the alterations to the yards. 

Moreover, 16 roads were used for 
accommodating spare coaching stock for 
use on troop trains or for special or 
seasonal passenger trains. This group of 
sidings is known as « Japan » and will 
be incorporated in the future sidings of 
the new lay-out, 

As regards the siding with 9 roads 
marked « Triage » (« Sorting sidings ») 
extending to the North of groups M and U 
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_ two of these roads are utilised as draw- 
_ out roads for shunting on the humps of © 
the latter groups of sidings; while the 
_ other roads are used for accommodating 
empty stock or trains which have been 


marshalled but which cannot be sent awa 
immediately. | 

The average daily number of wagons 
entering and leaving the whole of the sid~- 
ings is 5 600 (fig. 3). 


Sas ie Average daily wagon movements (inwards and outwards) 
ae ; at Schaerbeek-Formation Station. 
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_ This traffic has to be dealt with by 
_ 16 reception roads having an effective 
_ length of from 35 to 70 wagons, and by 

_ 66 sorting roads; the ratio between the 


ay 


eapacity of the reception roads and the 
sorting roads, which is 25 %, is insuf- 
ficient for the traffic which has to be 
handled, with the result that at busy pe- 
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riods trains have to be held back for lack 
of accommodation. 

The number of destinations for which 
the traffic has to be marshalled in the sta- 
tion as a whole is 125, but by reason 
of the lack of accommodation, the number 
of sorting roads is much lower than the 
number of destinations for which the 
traffic has to be marshalled. The result 
is that except for a few traffics the first 
shunts cannot sort out enough wagons by 
destinations even important ones to allow 
them to be readily marshalled subse- 
quently in geographical order; in short, 
the marshalling of the rakes in the sort- 
ing sidings is as a rule in any order. 

If each set of sidings is used for one 
particular group of traffic, from the point 
of view of destinations to be served by 
the trains which are made up therein, the 
trains which it receives include wagons 
for various destinations, of which many 
have to be sent to other sets of sidings 
to be reforwarded. From statistics which 
have been kept, it is proved that before 
the institution of the new system of 

‘regulation, each set of sidings only dis- 
patched directly 60 % of the wagons 
received, the remaining wagons being 
transferred to other sets of sidings 
whereas since this method has been 
brought into force, the average percentage 
is 82, which, having regard to the com- 
position of the trains, is as good as can 
be expected. 

It has therefore been necessary to pro- 
vide roads for the interchange of wagons 
between the various sets of sidings. These 
interchanges give rise to difficulties in 
working : interruption in shunting, delay 
to trains entering and leaving, increased 
number of wagons passing over the 
gravity humps and damage to wagons 
which inevitably results from this process, 


all of which seriously reduce the output — 
of the goods yard. 

It will be seen from the above that it 
is advisable at Schaerbeek-Formation to 
know beforehand the composition of the 
135 regular freight trains which stop 
there or are shunted so that one may 
choose the set of reception roads which 
will involve the minimum number of 
wagons to be transferred to other sets of — 
sidings. 

Finally, other difficulties arise from 
the fact that the goods yard includes a — 
wagon disinfecting depot, and the loca- — 
tion of the engine shed is such that the 
movement of the engines cannot take 
place without interfering with the work 
of the goods yard and the running of the 
trains. : 


-§ 2. — Situation in the future. 


For some years past, the Administration 
of the Belgian State Railways has recog- 
nised the necessity of completely re-or- 
ganising the lay-out of Schaerbeek-For- 
mation. 

Thus, after the war, as soon as the 
financial situation permitted, a commen- 
cement was made towards replacing the — 
goods yard, which we have just described, 
by another (figs. 4.and 5) having an area 
of about 500 hectares (1230 acres) includ- — 
ing the plot of ground reserved for the 
engine sheds and their accessories. a 

The arrangement finally adopted 
will include a set of reception sidings 
(43 roads), a set of sorting sidings — 
(52 roads) and a set of marshalling sid- — 
ings (32 roads) arranged as conveniently 
as the available space will allow and form- 
ing a compromise between the require- 
ments of the traffic, motive power and 
way and works departments. In fixing 
the ratio between the capacity of the re- 


ion, 


haerbeek-Formation Stal 


is 
IC 


Future lay-out at § 


j eee 


camels Es 


301 


Soot: 


ception sidings and the sorting and mar- 
shalling sidings at approximately 50 %, 
one has been guided by the class and 
importance of the traffic to be handled, 
and by the necessity of providing suffi- 
cient roads so that trains can be received 
without delays, even when their running 
is irregular. 

The scheme takes into consideration 
currents of traffic which it appears should 
develop or come into being and the con- 
ditions of future traffic at Brussels-Ma- 
ritime and the industrial region of Haren 
and Vilvorde. As some of these requi- 
rements will not arise until a somewhat 
distant date, the marshalling sidings will 
not be constructed until later. 

Passenger trains will run on their own 
particular roads, which are provided for 
trains in other direction. Freight trains 
which have not to call at Schaerbeek- 
Formation will also ‘run over specially 
provided lines; those which have to enter 
the reception sidings will use incoming 
roads set aside for freight trains for a 
great length, and there will be avoiding 
roads which will allow light engines and 
through trains to pass without affecting 
shunting operations. 

The sorting sidings will be placed as 
a prolongement of the reception sidings 
and will be separated from the latter by 
_ two humps over which the wagons to be 
sorted will be propelled by shunting 
engines. The wagons will be sorted by 
gravity on to tthe *various sidings, and 
it will be possible, in view of the large 
. number of sidings, to make up in one 

operation complete trains of empty stock 
or of wagons for the more important 
destinations.- I] will be found also that 
after this has been done it will only re- 
quire three or four movements to draw 
out the blocks of wagons at the South 
end and form them into complete trains. 
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After this has been done, only those 
wagons which have to be included in the 
trains serving the intermediate stations 
are passed on to the marshalling sidings 
where they will be shunted by gravity. 
Until these lateral marshalling sidings 
are constructed, the marshalling in order 
of stations will be carried out at the South 
end of the sorting sidings by the use 
of four roads over a hump. At this end 
of the sidings, the roads for out-going 
trains will be sufficiently long to allow 
them to quickly clear the sorting sidings, 
even if the main lines are not clear. 

It will be seen from this description 
that the lay-out has been devised in such 
a way as to obtain, as far as possible, 
movement in one direction only of the 
wagons being shunted and to allow the 
work of sorting to be carried out without 
interruption. 

As regards the wagon repair shops, 
these will not be situated as at present 
in the centre of the reception and sorting 
sidings where they are an hindrance to 
the work of the traffic department, but 
will be located outside these sidings with 
which, however they will be provided 
with free access. 

Although the extent and form of the 
available ground does not allow the en- 
gine shed to be placed in the most de- 
sirable position, it has been necessary to 
provide roads which allow independent 
access to engines proceeding from or 
returning to the shed; these roads will 
reach the centre of the yard under a 
bridge so as not to hinder the work of 
shunting. 

This description of the existing and 
future lay-out at Schaerbeek-Formation 
station will make fit clear, that if the 
operating system is based, in its adminis- 
trative and telephonic organisation, on 
principles which may have a general ap- 
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plication, it will be, however, necessary 
to take into consideration the special 
circumstances of the actual traffic in this 
station to determine the duties of the 
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Controller, especially as these should, as 
the works of the new goods yard advance, 
adapt themselves to the changes which 
may take place in the method of operation. 


CHAPTER II. 


Organisation of the control system. 


It must not be thought from the fact 
that the creation of the control system 
at Schaerbeek-Formation is of recent date 
that this question has been neglected in 
the past. 

At this station, in particular, one of 
the assistant station-masters has always, 
in fact, fulfilled the role of Controller, 
in that he has had to control the working 
of the station as a whole in the interest 
of the efficient running of the service, 
but he has been a Controller not provided 
with complete information. 

It has not been possible for him, for 
lack of rapid means of obtaining complete 
information, to follow in detail the work 
of the sidings and to know exactly the 
situation along the line on either side o! 
the station, 


In this way the sidings easily became - 


congested, their operations not being able 
to be regulated by a Controller in view 
of his inability to keep in close touch 
with the work, and instead of obtaining 
unity of control for the interior move- 
ments in the station, it has been necessary 
to decentralise the control between a 
number of assistant yard masters. This 
has of course led in certain circumstances 
to wrong movements being made, because 
these have not been carried out in com- 
plete unity of purpose. 


The adoption of the « control or dis- 
patching system » on the main lines leading 
to Schaerbeek-Formation and the placing 
at the disposal of the Controller of an 
improved telephone of the selector type 
(Western Electric Company's System) 
have allowed the duties and powers o! 
this official to be extended, so that at the 
present time he is in possession, by means 
of the advance information supplied 
under the « control system » and the 
« operating system », of the necessary 
information to foresee difficulties and 
congestions, whereas formerly he had to 
wait until these occurred and then take 
what steps be could to straighten out the 
situation, 

It has been necessary, it will be uider- 
stood, to commence as follows : 


— to free the controller of all duties 
other than regulation, so that being 
employed on one special duty he may 
carry this out to the maximum efficiency; 

— to give him sole charge, and for this 
reason to choose him, not only from 
officials whose rank will give weight to 
their instructions, but. those who inspire 
confidence by'their force of character and 
knowledge of their duties; 

— to provide facilities and necessary 
apparatus in order that he may be pro- 
vided with all the necessary information. — 
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Finally, it has-been necessary to draw 


up rules governing the duties of the Con- 
troller and his assistants. These rules 
are contained in the following regu- 
lations : 


§ 1. — Rules to be observed 
by the Controller and his assistants. 


ARTICLE 1. — The system of operation 
consists mainly in concentrating in the 
Controller’s. office all information deal- 
ing -with the running and organisation 
of freight trains and with the occupation 
of reception and interchange roads at 
Schaerbeek-Formation. 

The Controller may thus issue from his 
office the necessary instructions with a 
view to maintaining or re-establishing 
regularity of working in the marshalling, 
reception and ee ae of . freight 
trains. 


ARTICLE 2. — The Controller’s duties 
are carried out in the offices at Schaer- 
beek-Formation, and are covered through- 
out the whole 24 hours by an assistant 
station-master, assisted by a telephone 
operator. 

These are directly responsible to the 
station-master. 


ARTICLE 3. — The office of the Con- 
troller is connected by a special tele- 
phone circuit with selectors to the fol- 
lowing posts (fig. 6): 

Signal box at Pont de la Senne junc- 
tion; 

Signal box at Josaphat junction; 

Electric signal box at Maelbeek junc- 
tion; 

Assistant station-masters’ office, pear ye 
beek-South; 

Signal-Box B (Monplaisir junction) ; 

Signal box H (Malines and Muysen 
junction) ; 

Signal box C; 

Pointsman’s box No. 11; 

Assistant station-masters, V sidings; 

Pointsman’s box No, 11bis; 
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~ Pointsman’s box -D (engine shed yard) ;- 

Shed foreman’s office; 

Signal box G; 

Pointsman’s box at « Japan > eidines: 

Foreman of brakesmen; 

Pointsman’s box No. ae (South side of 
groups J and K); 

Assistant-station-masters’ office (South 
side of groups J and K); 

Signal box J; 

Pointsman’s box No. 36 (South side of 
group M); 

Pointsman’s box, South side, group U; 

Pointsman’s box, North side, group U; 

Pointsman’s box No. 24 (North side of 
group M); 

Assistant station-masters’ office (North 
side of group M); 

Signal box I; 

Pointsman’s box No. 19 (North side of 
hump) ; 

Pointsman’s box No. 21 (North side of 
hump) ; 

Assistant station-masters’ office (North 
side of group K); 

Pointsman’s box No. 16 (North side of 
group K); 

Pointsman’s box No. 17 (North side of 
group J); 

Signal box E; 

Signal box K; 

Pointsman’s box No. 1 at Haren-North; 

Signal box at pes block 3bis M; 

Signal box -(Schaerbeek-Josaphat 
junction) ; 

Signal box Y Panenen, junction). 


The Controller’s office is, moreover, 
included in the control circuits for the 
following lines : 


Antwerp (South) and Antwerp (Zu- 
renberg) to Schaerbeek and the Antwerp 
district; 

Termonde to Louvain; 

Brussels to Ciney; 

Brussels to Liége; 

Brussels to Ostend; 

Brussels West Suburban; 

Charleroi to Brussels via Baulers; 

Mons to Brussels. 
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ARTICLE 4, — The Controller does not 
leave the telephone. He is solely res- 
ponsible for controlling the order in 
which messages are sent. 

Messages should be as brief as pos- 

sible. In cases of great urgency, a sub- 
office may interrupt a message by cal- 
ling its name and saying < urgent >. 
It is strictly forbidden for any sub- 
office using the Controller’s telephone 
cireuit to speak to another sub-office. 
Every official or employee, whatever his 
rank, must conform to this rule. 


ARTICLE 5. — The Controller co-ordi- 
nates : 


1. information dealing with the orga- 
nisation or running of freight trains or 
locomotives in the area bounded by the 
junctions at block post 3bis M and sig- 
nalbox Y on the one hand, and the Josa- 
phat and Pont de la Senne junctions on 
the other hand; 


2.°information dealing with the com- 
position of freight trains booked to stop 
at Schaerbeek-Formation; 


3. information received from the « con- 
trollers > as regards motive power and 
train crews for freight trains; 


4, information dealing with : 

a) the occupation or liberation of re- 
ception and interchange sidings; 

b) a record (1) (fig. 7), of the wagons 
in the station, these being classified 
under 61 categories in accordance with 
their destination or station of origin. 

c) the distribution of spare head 
guards. 


(1) This record is kept-in the form of a graph : on 
a sheet of squared paper, the number of wagons 
are marked off horizontally and the destinations or 
directions are arranged yertically. This gives a 
horizontal line for each destination or direction, 


two lines being drawn, one of each (in blue) repre- . 


sents wagons entering, and the other (in red) repre- 
sents wagons leaving; the distance in millimetres 
between the ends of these two lines indicates the 
number of wagons in the station for the direction or 
destination in question. 
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ARTICLE 6. — The Controller is in- 
formed of the composition (number of 
wagons) in freight trains in the follow- 
ing manner : 


a) the head guard enters the necessary 
information on a special form which he 
hands in at the last station, where any. 
alteration is made to the composition of 
his train; 

b) the station which receives this 
form from the head guard transmits the 
contents to the Controller through the 
« control » or by telegraph, in accord- 
ance with whether the line is operated 
on the « control system » or not. 


ARTICLE 7, — The assistant station-. 
masters inform the Controller without 
delay of changes which are made in the 
normal order in which trains run, and 
advise him in advance of shunting ope- 
rations or special circumstances which 
may ‘be expected to cause a train to run 
late. 

The assistant station-masters inform 
the Controller of their requirements as 
regards special or conditional trains. 
The latter decides as to the necessity of 
running these trains, and where neces- 
sary arranges for motive power and 
train crews for the necessary trains. 

All the sub-offices in the stations which 
are connected with the Controller im- 
mediately inform him of any mishaps, 
broken couplings, defective points, and 
generally speaking, of incidents which 
may influence the regularity or safety of 
the running of trains. However, such 
advices are only forwarded for his in- 
formation and do not relieve the as- 
sistant station-masters or signalmen from 
the responsibility of taking the safety 
measures laid down in the regulations. 

The Controller transmits, without de- 
lay, this information to the « control 
operators >» concerned. 


“ArticLe 8. — As regards reporting 
hours of the departure, arrival or pas- 
sing of freight trains or locomotives, only 
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(Back) 
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Form used by head guards to inform the Controller 
of the make-up of a train entering Schaerbeek-Formation. 


SG UL TRUEST ee 8 Se aes Co ee for Schaerbeek-Formation. 

Anvers 5919 OO AG ol C3 var eae see meee 
FAUPEnveP SY LF) e200 Eh Ses 

Anvers Schaerbeek : 
(Sud) (*)........ BAW ree eee) ese (gd tak ae See rice a eee 

DIRUV CEI ) aie Retiese ink cicven Re 2% 15 G70 ell a Iola SO ee ee ea 

LIT OT Fale) SAR, ee aE Bruxelles 

Ligne Denderleeuw (*)..... ve Lour-el- Paxisa(*)\ gas nos 


errs AM OMT A) nee Ga cies 


(*) Number of wagons. 


See reverse side. 


' The station which receives this form from the chief guard 


should dispatch the contents to Schaerbeek-Formation through 


the « control » or by telegraph in cases where the line is not 


worked under the « control system ». 
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the sub-offices given in the following 
list are concerned, and these are only 


Pont de la Senne signalbox 
Signalbox A. 


Signalbox- B. 


Signalbox C. 


Pointsman’s box No. 117: 


Pointsman’s box No. 11bis. 


Pointsman’s box D. 


Signalbox G. 


Pointsman’s box No, 13 ~ 


Signal box J. . 
Pointsman’s box of group U (South side) 
Pointsman’s box of group U (North side) 


Pointsman’s box No. 24 


Signal box 1. 
Points’man’s box Wo: 16 
Pointsman’s box No. 17 


concerned within the limits laid down 
in this list. 


to and from Schaerbeek-Formation. : 

to and from signalbox C, stating, for the 
direction in running between signal- 
box A and signalbox C, the route to be 
followed. 

from Malines, Muysen and Louvain to 
the main freight lines and vice versa; 

from the main freight lines and local 
lines to the engine shed. 

from the through freight lines to the 
engine shed and vice versa; 

announces also the arrival time and re- 
ception of wagons and locomotives 
from the shed to groups J, K, M, U and 
« Japan » and vice versa. : 

to and from the carriage and wagon -re- 
pair sidings, 

to and from group V; announcing the 
time of departure of rakes of wagons 
towards the hump and the time when 
shunting ceases. 

gives the time at which all locomotives 
are ready to leave and states their des- 
tination. 

to and from the prindigel freight lines; 
also announces the arrival time and 
the receipt of wagons from groups J 
and K to groups Mand U or « Japan > 
and vice versa. 

to and from groups J and K; also an- 
nounces the commencement anid com- 
pletion of shunting operations on the 
hump anid especially intended to state 
when the reception roads of group K 
are liberated. 

to and from group M. 

to and from group U. | 

announces the departure of wagons to- 
wards the hump and the time at which 
shunting ceases. 

announces the departure of wagons to- 
wards the hump from groups M and the © 
time at which shunting ceases. - 

to and from group M. 

to and from groups J and K. 


announces the departure of wagons to 


the hump from groups J and K and 
the time at which shunting ceases. 


-— 


ix 


Pointsman’s box No.19 . . . .. 


Pointsman’s box No. 21 
ATIC ET Sa od Dee, SO Slits cea ene 


Pointsman’s box No. 1 pe Haren-North. 
Junction 3bisM . . 

Signalbox X. . 

Signalbox K. 


ARTICLE 9, — The Controller keeps in 


touch with the < dispatchers > to inform 
them of the number of trains which it is 
necessary to send out, and the number 
which he is able to receive within a cer- 
tain time. 

Every day, at 8.0:a. m., he sends out to 
the « dispatchers > concerned : 


1. the regular trains, conditional trains 
or special trains which have to pass over 
the lines worked under the « control sys- 
tem » and which cannot be worked 
through lack of engine power or train 
crews; 

2. special or conditional trains which 
it is intended to run over te said Ines. 


Before sending to the engine shed a re- 
quisition for an engine to haul a special 


. or conditional train, the Controller gets 
in touch with the « dispatcher >» con-. 


cerned in order to ascentain whether it 
is possible to make use of an engine 
which may be available on the line. 
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announces the time of the departure of 
wagons to the hump from the fan- 
shaped sidings and the time:at which 
shunting ceases; it is especially in- 
tended to announce when the recep- 
tion roads to the fan-shaped sidings 
are liberated. 

to and from the fan-shaped sidings. 

announces the time of arrival of wagons 
and locomotives from the fan-shaped 
sidings or from groups J and K on the 
main freight line or to group M and 
vice versa. 

to and from Schaerbeek-Formation. 

to and from Schaerbeek-Formation. 

to and from Schaerbeek-Formation. 

announces trains kept standing at signals. 


The Controller sends to the « dispatch-. 
er > concerned all information and par- 
ticulars dealing with special or condi- 
tional trains, such information being 
laid down in the regulations dealing 
with the « control system >. 


ARTICLE 10. — The Controller repeats. 
to those concerned at Schaerbeek-For- 
tion the information which he has re- 
ceived, and he decides upon the most 
suitable steps to be taken in the interests. 
of the regularity of the service. 


ARTICLE 11. The Controller keeps a 
chart showing the movements taking 
place in the area under his control 
(art. 5-1). 

For this purpose he enters upon a 
chart of squared paper (1) (fig. 8): 


1) the arrival and departure times of 
freight trains, of wagons and engines, 
and the times at which they pass certain . 
posts in the yard (see art. 8); 


(4) On the squared paper, time is plotted horizontally and the various signalboxes, reception, inter- 
change and formation roads are shown one above the other; in this way one obtains a graph in which 


_ lines representing the running of trains and engines, or shunting operations, run up and down. 


This chart is divided into three parts : the upper portion and the lower portion refer to trafns approach- 
ing or leaving Schaerbeek-Formation ; the central part deals with the occupation of the reception roads,. 
of the sorting sidings, and in general, all movements of trains, of wagons or engines which are not confined 


to the limits of one set of sidings. 
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Explanation of figure 8. 


Frei_ht trains. 
Shunti ng movements. 
Sorina OT Sty Light engines. 

Special freight trains. 


== Termination of shunting 
operations. 


TYPICAL EXAMPLES. 


—Ey 


Train 6817, after passing signalbox A at: 
1.385 and standing eight minutes at signal- 
box C on account of the engine booked to work 
the special train from Jambes (Secours) to 
Antwerp (South), enters the first road of 
groups J-K at 1.52. The engine of train 6817 
is liberated at 1.57 and is put at the disposal 
of the shed at 2.7; the engine at the tail of 
the train is sent straight back to the engine: 
shed at 2.3. Train 6817, consisting of 48 wa- 
gons, is passed over the hump at J-K South 
and sorting operations finished at 2 58. 

Pr 
. The wagons on road 7 of group J-K are 
transferred to group U commencing at. 1.20. 
These wagons, after remaining on the main 
goods road from 1.22 to 1,34 to allow engines. 
booked to work train 6818 and 9097 to be 
worked through, were accommodated on road 6 
of group U, they being passed over the hump 
at group U-North at 2.14 and the sorting of 
the 29 wagons has been completed at 2.34. 

«x 

Train 6033, marshalled on the 22nd road of 
the dead-end sidings, left at 1.31. This train 
passed signalbox F at 1.44 and left the pre- 
cincts of the station at 1.52 after waiting for 
four minutes at Pont de la Senne Junction. 


2) the reception roads which are oc- 
- cupied; 

_ 3) the times at which wagons which 
are to be sorted leave for the humps, 
_ and also the time at which this gravity 
shunting commences and finishes; 

4) the movements effected to inter- 
_ change wagons between groups of sid- 
ings. 


_ On the edge of this chart is marked 
_ the occupation of the sidings « Triage » 
and « Japan >». 

The Controller can therefore see at a 
glance what movements are being car- 
ried out in the goods yard. 

In ‘this way the Controller is able: 


1) to determine with certainty at any 
given time which reception roads are 
clear; 

2) to be in a position to state the prob- 
_ able length of occupation of these roads 
in accordance with the progress of 
shunting operations; 

3) to so organise the work in conjunc- 

tion with the « dispatchers » in order to 
hold back trains which are likely to 
interfere with the running of passenger 
trains or certain important freight trains; 
4) to receive one freight train in pre- 
ference to another because circumstan- 
ces make it necessary; 
5) to keep in touch with the running 
of freight trains and locomotives leav- 
ing Schaerbeek-Formation and to delay 
the departure towards a portion of the 
line which for the time being is congest- 
ed so as to avoid delaying trains pro- 
ceeding in other directions. 


This chart allows the station master 
easily to determine : 


1) delays in running, and especially 
loss of time by freight trains or engines 
at the various signals in the station; 

2) delay in making use of motive 
power; 

3) abnormal detention in the station 
of engines which have worked trains ar- 
riving at Schaerbeek-Formation; 
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4) the output of the gravity humps. 


The Controller attaches to the chart a 
statement of any irregularities which 
may have occurred. 

The station-master compares the chart 
with his reports of late running and in- 
vestigates and reprimands anyone caus- 
ing irregularities; if necessary he pro- 
poses modifications to be made in the 
time-tables in order ‘to facilitate the in- 
terior working of the station. 

When, in accordance with the first pa- 
ragraph of article 9, it is necessary, when 
traffic is very heavy, that the Control- 
ler shall have sufficient warning of the 
approach of freight trains to Schaer- 
beek-Formation, he represents on a wall 
diagram, by means of metal tablets, the 
position of trains along the line (fig. 9). 

These metal tablets may be caused to 
slide along rigid wires representing 
about the last 30 km. (19 miles) of each 
line approaching Schaerbeek-Formation. 

The tablets are marked with the num- 
ber of the train, and if necessary, its 
place or origin, destination and load. 
They are moved along the wire as the 
progress of the train is reported to the 
« dispatcher >». 

On the arrival of the train, ‘the tablet 
is placed on the wire representing the 
reception road; after it has left or has 
been distributed, the tablet is re-marked. 


ARTICLE 12, — The Controller is solely 
responsible for providing engine power 
and train crews for conditional or spe- 
cial trains, and decides which shall take 
precedence, 

The Controller may alter engine work- 
ings and the duties of the brakesmen, 
with the consent of the motive power 
department. 

The engine shed at Schaerbeek should 
obtain from the Controller any informa- 
tion which it requires, and should at 
once inform him of any lack of engine 
power to meet the needs of the station. 
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ARTICLE 13. — The station-master shall 
issue to each telephone post special in- 
structions, in which are laid down the 
‘form in which messages are to be trans- 
mitted.. He makes the necessary arran- 
gements so that calls from the Controller 
shall be replied to without delay, so that 
the latter may be quickly supplied with 
information which has to be forwarded 
to him as a matter of course, or any ad- 
ditional information for which he may 
ask. 


ARTICLE 14, — Except as regards the 
application of the arrangements quoted 
in articles 6 and 11, this new organisa- 
tion shall not supersede or modify in 
any respect the mutual arrangements 
made between Schaerbeek station and 
_the district « control > office, which ar- 
rangements are laid down in the notices 
issued when the < control system » was 
brought into force on the various sec- 
tions. 

The same applies to any local orders 
or instructions of a domestic nature in 
force at Schaerbeek-Formation. 


ARTICLE 15. — The Controller is au- 
thorised to issue instructions to assistant 
station-masters, and in taking steps in 
conformity with orders received from 
the Controller, the assistant station-mas- 
ters are still fully responsible for the ob- 
servation of the rules and regulations for 
ensuring safe working. 

The Controller is responsible for the 
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orders which he issues, but this respon-. 


sibility naturally falls on ‘the assistant 
station-master if the latter does not 
strictly comply with these orders, or if 
he leaves the Controller in ignorance of 
facts or circumstances which might mo- 
dify or cancel these orders. 

The Controller is responsible for all 
the irregularities due to lack of instruc- 
tions or oversight on his part. How- 
ever, this does not relieve tthe assistant 
station-masters from the responsibility 
of obtaining from the Controller any in- 
formation which they may need in order 


to deal effectively with the operations 
in hand. They will be especially held 
responsible if, through lack of informa-— 
tion which might have been obtained 
from the Controller, they make mistakes 
which disorganise traffic movements. 

In ease of difficulties, the Controller 
should refer the matter to the station- 
master. 

The system of regulation furnishes the 
station-master with rapid means of as- 
certaining at any time the progress of 
operations in the station, and allow him 
to make suitable arrangements to meet 
the existing circumstances. 


§ 2. -— Telephone and other electrical 
apparatus 
provided for the use of the Controller. 


As the Controller can only carry out ~ 
his duties, provided he is rapidly inform- 
ed of all movements in hand, it has been 
recognised as desirable to put at his dis- 
posal selector telephones of the Western 
Electric Company's type, as already used 
on the lines of the Belgian State Rail- 
ways worked under the « control system ». 

This apparatus has been described in 
detail in an article published by Mr. La- — 
malle, Director of the Belgian State 
Railways and Professor of Louvain Uni- 
versity, in the Bulletin of the Railway 
Congress, November 1922 number. We 
will confine olrselves therefore to a few 
general remarks on this equipment. 

The Controller’s office (fig. 10) is 
situated in the centre of Schaerbeek-For- 
mation close to the office. occupied by 
the chief assistant to the station master 
and close to the accommodation provided 
for the head guards, goods agents and 
lamp men. . 


The office of the Controller is connect- _ 


ed by a single two-wire telephone circuit 
to 36 sub-offices in the station yard, or 
at the neighbouring junctions. He is in 
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this manner in direct communication with 

_the assistant station masters in the sort- 
ing sidings, the signalmen at the junc- 
tions, the pointsmen, the chief of the 
locomotive shed and the foreman brak- 
esman. 

The controller, unlike the sub-stations, 
is able to call up at will any of the sub- 
stations. He is provided for this purpose 
with a board fitted with selector keys, 
each of which when moved operates all 

the selectors, but only puts into the cal- 
-ling-up position the selector correspond- 
ing to the particular key. When this is 
done, a bell rings in the sub-stafion called 
up and at this sub-station only. To effect 
this selection, the Controller thas 
to raise the key corresponding to the sub- 
station which he wishes to call up. When 
the key is released, it returns to its normal 
position, sending. out, during its move- 
ment, a series of positive and negative 
impulses. The total number of these 
impulses is the same for any sub-station, 
but they are grouped differently in three 
successive series, separated by pauses (aj; 
9+5+38, 7T+5+5, 342-4 12 etc.). 

On the other hand, as all the sub-sta- 
tions are on one circuit, the operator at 
the sub-station can hear what ‘is being 
said over the telephone, and if no conver- 
sation is in course, or as soon as this is 
ended, may enter into conversation with 
the Controller without having to call him 
up, as the latter is always listening in. 

This telephone system gives rapid and 
satisfactory working. It increases the 
number of messages which the Controller 
may receive, seeing that they are received 
over~ the same circuit and in order of 
priority, while reception of messages by 
“a separate circuit for each sub-station or 
a series of sub-stations would not allow 
this freedom of selection or the same ra- 
_pidity in the interchange of messages. 


only 
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In addition to this selector circuit, the 
Controller is provided with direct ‘tele- 
phonic communication with the central 
exchange at Schaerbeek-Formation, which 
thereby allows him to communicate with 
certain secondary offices which it is not 
necessary to include in the main circuit. 

In case of breakdown of the special 
regulation circuit, this arrangement al- 
lows him to still keep in touch with the 
sub-stations by means of the ordinary 
telephone system. 

Finally, to allow the Controller to know 
the position as regards all incoming traf- 
fic, he may, by eperating a switch, cut 
into any of the «control » cireuits for 
the lines approaching Brussels. 

As the station master is frequently 
detained by his duties at the offices 
at Schaerbeek-South, which is 
42 miles from the Controller’s office, 
another need which has to be met consists 
of providing this office with an indicator 
giving at any time the condition of the 
arrival roads at Schaerbeek-Formation. 
This information is for the station master 
at such an important place as Schaerbee 
the most valuable of all the duties carried 
out by the Controller; it allows him-to 
grasp the situation at the station, to ques- 
tion the Controller without loss of time, 
and to assist him with his experience or 
with his authority. 

This problem-is met by means of two 
indicators provided with dise3, one of 
which is placed in the station master’s 
office and the other to control the work- 
ings in the Controller’s office. 

These indicators (fig. 44) have a num- 
ber of holes in their face, each of which 
represent one of the reception roads, 

Normally, these holes display a white 
dise which, when moved away, shows % 
red background. 

The indicator which is placed in the 
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Controller’s office is provided with a row 
of push buttoms, there being two push 
buttons for each hole. 


Pig. 41. — Dise indicator apparatus placed in the 
station master’s office tv show the state of occu- 
pation of the reception roads at Schaerbeek- 


Formation. 


By pressing one of these buttons, the 
white dise is displaced and the red back- 
sround is shown. By pressing the se- 
cond button the disc returns to its norma] 
position. 


The method of working is as follows : 
The white dise indicating that the par- 
ticular reception road is clear, while a red 
dise indicates that the road is occupied. 

The electrical apparatus for operating 
this is very simple. Behind each hole, ar- 
ranged perpendicularly at the back of the 
case, are two electro-magnets which aré 
wound so that, the like poles are both side 
by side. Between these electro-magnets 
is a permanent horse-shoe magnet which 
may be displaced by rotation about its 
axis. This magnet carries the disc and 
is normally in contact with the poles of 
one of the electro-magnets. By pressing 


’ the button which displaces the red colour, 


the electro-magnet in contact with the 
permanent magnet is excited and has 
such a polarity that similar poles are 
close to each other. This produces a re- 
pulsion which causes the permanent mag- 
net to deflect and be attracted by the 
pole of a second electro-magnet. By 
pressing the second button, the latter 
electro-magnet is excited, the permanent 
magnet is deflected back and the white 
dise again appears. 


CHAPTER III. 
Results and conclusions. 


The innovation does not consists of en- 
trusting the control of the whole of the 
interior movements in the station to one 
Controller. Such a Controller already 
existed, but he was not provided with re- 
liable, complete and rapid methods of 
collecting information whereby he could 
always exercise efficient control. More- 
over, the information which he had did 
not always show the various phases of 


activity so that he could quickly sum up 
the difficulties which had to be overcome 
by the staff and act with certainty that 
the instructions given should be the most 
suitable under the circumstances. 

In bringing into force with the exist- 
ing staff the regulating organisation, the 
Belgian State Railways have attempted to 
make good certain wants. In place of a 
centralised control working in the dark, 


has been substituted a fully informed 
organisation operating authoritatively and 
using the. methods of the « control 
“system », . 

At Schaerbeek-Formation station, at 
which a large number of lines worked 
under the « control system » meet, the 
duties of the station Controller and of 
the train dispatchers are complemental. 
These officials, who are responsible for 
sections which terminate at the station. 
must always keep in touch with one an- 
other, and by mutual arrangement they 
endeavour : 


— to make use of locomotives on the 
return journey; 

— to run the minimum number of 
freight trains by seeing that these are 
fully loaded; 

— to ae the best use of existing 
facilities (locomotives, head guards, brak- 
esmen) in order to run the conditional 
or special trains which may be required 
or which are awaiting dispatch. 


It will be appreciated that it is very 
difficult to discriminate between the 
effects of these two kindred organisations, 
so as to be able to state what reduction 
in expenses is due entirely to the influ- 
ence of the Controller. 

It is not very easy to express in figures 
the economies which -the Controller is 
able to effect within his own zone of 
-action without external co-operation. 
The working of a large: marshalling sta- 
tion. depends on a number of variables 
which can hardly be eyaluated or which 
may appear as the result of a number 
of circumstances outside ne control of 
the Regulator. 

Notwithstanding _ this, eblenen the 
results which have been. obtained are 

sufficiently significant without’ the ne- 


cessity for expressing these in figures. - 
The avantages are as follows : 


— regularity in’ the running ai trains; 

— acceleration of the traffic by receiv- 
ing a train in the sidings which are most 
suitable for re-dispatching in accordance 
with the destination. of the wagons; 

— obtaining better utilisation of the 
regular trains and a reduction of a num- 
ber of conditional or special trains; 

— control of the use of locomotives in 
the station and an increase -in their ent 
put; 

— liberation of the engines of arriving 
trains and working engines to and from 
the shed without hindering the work of 
the station; 

— a better organisation of the inter- 


change of wagons between various groups 


of sidings; 

— the possibility of regulating the ar- 
rival of incoming trains in accordance 
with the accommodation available at the 
time. 

As a concrete example, it may be. stated 
that during the last period of heavy traf- 
fic, the station has had a daily output of 
300 to 400 wagons greater than at the 
corresponding previous period without it 
being necessary to obtain any additional 
engine power or staff, and without any 
difficulty having been experienced. 

Finally, in addition to these advantages 
there are others whose effect is less ap- 
parent, because they affect the efficiency 
of the personnel, and these are none the 
less valuable. We refer to the beneficia! 
influence which a control of the movement 
of trains and of shunting operations by 
means of a graphical representation have 
upon the activity and energy of the staff. 


These diagrams clearly illustrate the im- 


portance and advantage of the assistance 
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Sime the effect of uence ac- 


-'eidents or errors of judgment. The in- 


_ fluence and authority of the chief officials . 
have become very efficacious, while the 


_ subordinates, feeling that they are being 


4 Seno assisted and ‘supervised, see 


_ that their efforts are better recognised 


- sand their responsibitily more clearly laid 


& 


down, and the efficiency of the staff has 
certainly improved. 

To. sum up, the experience which has 
been gained over nine months with this 
method of controlling the interior move- 
ments in a large marshalling yard by 
means of telephone control, allow one to 
arrive at a definite conclusion of a general 
nature, that the system is excellent. 
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On a new magnetic rail defecto-scope, 
By M. SUZUKY, 


ENGINEER, RESEARCH OFFICI, JAPANESE GOVFRNMENT RAILWAYS, TOKYO (JAPAN). _ 


Figs. 1 to 25, pp. 326 to 343. 


I. — Introduction. 


The determination of the strength or 
detection of in-homogeneity of rail steel 
and other metallic materials has undoub- 
tedly become of late more and more im- 
portant. Methods so far used for testing 
such kinds of materials are tensile, com- 
pression, bending, torsion, hardness test- 
ings, analysis of chemical composition, 
ete., but with these methods, specimens 
once submitted for testing, cannot be put 
again in service as industrial material. 
Moreover, the value of these tests is based 
upon the assumption that the structure 
and manufacturing process of such in- 
dustrial material are quite the same as 
those of their specimens tested. In long- 
er materials, it is difficult to ascertain 
whether their cross section at any point 
has always homogeneous structure and 
uniform strength throughout the whole 
length. As for instance, railway rails 
and bars cannot always be free from 
in-homogeneity. In some rails already 
laid on track, we find fissures, unseen 
from outside (called transverse fissure, 
see figure 14), spots affected by ab- 
normal stresses, segregation of impuri- 
ties due to careless or poor manufacture 
and unequal heat treatment. Detection 
of such faults or defects has been impos- 
sible by the testing methods formerly 
used. We will here make a report on 
study of a new apparatus which has been 


devised in our laboratory for detecting 

from outside any internal defects existing 
in railway rails and other iron or steel 
materials having uniform cross section, — 
without inflicting damage on the ma- 

terials tested. 

As explained later, this apparatus is in- 
tended to ascertain internal defects by 
means of magnetic induction properly 
applied. We have named this apparatus 
as « Magnetic rail defecto-seope ». 

As regards other magnetic rail defecto- 


scope, Dr. P. H. Dudley (+) has already 


published an interesting paper on an ap- 
paratus for detecting faults of steel rails. 
The first introductory note on the mag- 
netic behaviour was prepared by Dr. C. W. 
Burrows (*) and F. P. Fahy, U. 8. Bureau 
of Standards, the ‘principle being that 
there exists a close relation between mag- 
netic and mechanical properties of rail 
steels. Some monographs on general 
subject of magnetic analysis were also — 
prepared by Prof, S. R. Williams, Oberlin — 
College and N.*J. Gebert, - Metallurgical 
Dept., Holy & Co., New York. 

They have pointed out that the magnetic 
analysis may be applied to the study of 
effects of heat and mechanical treatments 


(1) P. H. Dupiey, Iron Age, vol. 108 (4921), — 
p. 4271, and vol. 104 (1949), p. 43. — P. H. Dopures 
A,S. T. M., vol. 19 (1949), p. 54. 

(2). C. W. Burrows and F, P. ees S.T. M., 
vol. 19 (1949), p. 7. ; 
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uniform section such as steel rails or 


bars. 


Fer the purpose of finding defects, they 


used total magnetic flux method; and if 
took 25 minutes to complete a series of 
surveys on one rail, one half of the time 
being required for handling the rail on 
and off the vertical support. It may easi- 
ly be conceived that Dr. Dudley's magnetic 
rail defecto-scope cannot be used in the 
field work on account of its non-porta- 
bility; and curves recorded for defects 
are not sharp enough to make rail defects 
easily ascertained. : 

In the present study, a step has been 
made forward. Instead of Dr. Dudley's 
complicate and non-portable apparatus, a 
very simple and portable one has been 
devised, using leakage magnetic flux 
method. The tests with the latter took 
place during 1920-1922, the number of 
rails tested amounting to 100. One or 
two minutes were required to complete a 
series of tests on one rail. Detailed des- 
eription will be made in later chapters. 
It may be added for readers’ information 
that this method can be applied only to 
ferro-magnetic materials, such as of iron 
or steel, having uniform section. 


_.II. — Apparatus and testing method. 


In general, it is well known that when 
ferro-magnetic substance such as iron or 
steel is placed in an intense magnetic 
field, it is at once magnetized by mag- 
netic induction and becomes a strong 
magnet. The intensity of magnetization 
varies much with the property of sub- 
stances concerned and also with mechan- 
ical and heat treatment previously applied 
to them. For instance, the intensity of 
magnetization of carbon steel decreases as 
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the content of carbon increases. Again, it 
is a well-known fact that the intensity of 
magnetization, that is, the magnetic per- 
meability, varies in wide range with forg- 
ing, heat treatment, etc.; in other words, 
the intensity of magnetization is much 
affected by stresses due to external force. 
Not only is the permeability of ferro-mag- 
netic substance so seriously affected by 
heat treatment and mechanical stresses, 
but impureties and slag are known to have 
a great influence upon the permeability (12). 

Here we shall see the relation between 
magneto-motive force, magnetic flux and 
magnetic reluctance. 

Let 


N stand for the total number of turns of 
the magnetizing coil; 

1 stand for the axial length of magnetiz- 
ing coil, in centimetres; 

n stand for the number of turns of the 
magnetizing coil, per unit length of 


Rictee | 
magnet, that is, is n; 
~ stand for the current in the magnetiz- 
ing coil, in amperes; 
H stand for the magnetizing force in 
c. g. Ss. unit (gausses’. 


Then we have: 


t= = (0.4 zni In gausses. 


This is the magnetizing force produced 
in a magnetizing coil when a current of 7 
amperes flows through the coil. 

Further, let 


S represent the cross sectional area of 
iron core, in square centimetres ; 

uv. represent the permeability of core 
iron ; 

B represent the magnetic induction in 

 gausses ; 

®- represent the magnetic flux due to 

magnetic induction. 


Fig.’ 14, — General view of a new magnetic rail defecto-scope. ; 
LEGEND : A = Driving truck. — B = Electro-magnet.— C = Recording apparatus. — D = Battery. 


Ge as 


Fig. 2. — Detailed view of the electro-magnet laid on a rail. 
LEGEND: A = Magnetizing coil. — B= Iron core, — C= Exploring coil. — D = Rail. 


to Gal vano meter 


Iron core 


Exploring Coil 


Fig. 3. — Sketch of the electro-magnet laid on a rail. 


Fig. 4. — Detailed view of the recording device. 


LeGenp : @ = Frosted glass. — b= Pen holder. — ¢ = Pen handle, 
d= Recording drum. — ¢ = Recording paper. — f = Spindle extending from clock work. 
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Then we get following relation : 


(> = BS. 
Since 
Bap, 
 =uHS = see a8 : oo in gauss. 
wo Ss 


{ 

This denotes magnetic flux produced 
by the magnetizing force H in iron core 
with permeability » and cross sectional 
area S square centimetres. 

Readers will see a close similarity be- 
tween the above expression and Ohm’s 
law concerning the electric current. Now 
let the passage of the magnetic flux be 
called « magnetic circuit », the magnetiz- 
ing force 0.4xNi affecting this circuit be 
called « magneto-motive force », and = § 
be called « magnetic resistance » or « re- 
luctance ». (The first is so called after 
the name of « eleetric circuit », the sec- 
ond after that of « electro-motive force » 
and the third after that of « electric re- 
sistance ».) Then it will be seen from 
the above expression that the magnetic 
flux is directly proportional to the mag- 
neto-motive force 0.4xNi and inversely 
proportional to the reluctance = = 

Of the magneto-motive force and reluc- 
tance, N, i, / and S must be constant after 
the electro-magnet has once been settled; 
so, it is clear that the magnetic flux “ is 
the function of the permeability v. alone. 
Therefore, if any other magnetic substan- 
ces with different section and permeabi- 
lity happen to be in the magnetic circuit, 
then the magnetic flux ® becomes as fol- 
lows : 


0.4 cNi 
"> Suess 
4 Sy 2 Se 


In this expression, ihe value of ». varies 
with the property of iron; with pure 
iron, » = 2000, with steel, » — 400 


and in the air,-». = 1. So.it will be 
concluded from the above expression that 


if an air gap about 1 mm, exists in a 


magnetic circuit, the flux will fall to a 
fraction of that in the magnetic circuit, 
which has no gap. 


If the permeability is constant, the 
magnetism caused by the constant mag- 
netic lines of force (or magnetic flux) 
will be constant through the whole length 
of the test piece concerned, but if the 
test piece has a fault anywhere and the 
permeability is not constant, the constant 
intensity of magnetism will be broken at 
such faulty portion, where the leakage of 
the magnetic line of force will occur. So, 
if an exploring coil fitted to the specimen 
as shown in figures 6 and 7 is slided 
along the length of the specimen and in- 
duced current then produced in the coil 
is measured’ by means of the galvano- 
meter method, the leakage of magnetic 
lines ‘of force will be determined. in 
other words, if the specimen (rail) is 
homogeneous, that is, the permeability is 
constant, through the whole length and 
the leakage magnetic flux is constant, 
there will be produced no induced cur- 
rent in the exploring coil and the galyano- 
meter mirror will not be deflected; while 
on the other hand, if there is a fault any- 
where in the specimen and the uniformity 
of leakage magnetic flux is locally broken, 
induced current produced in the explor- 
ing coil will cause deflection of the gal- 
vanometer mirror, so that by measuring 
along the whole length of the specimen 
the induced current so produced in the 
coil, any defects in the inner part of rat! 
will be detected. 


Here let the time variation of magnetic 


flux, that is, the rate at which magnetic 
leakage flux is cut by the coil, be denoted 
as os and the number of turns of the 
exploring coil as n, then the induced 
electro-motive force, E, produced in the 
coil will be-as follows : 

et 


d® , 
= T08 n —— in volts. 


dt 


In other words, the induced electro-mo- 


E 


Fig. 5. — Detailed view of the recording apparatus. 
a= Frosted glass. e = Recording paper. 
= -holder rf — Cloe = 
Boon tes 6 = Pen-holder, i Oe: kwork. 
ce = Pen handle. g = Galvanometer. 
d= Recording drum. >; = Light source. 


tive force is determined proportionally to 
d@. 


Pe and the number of turns of exploring 
a 


coil n. Therefore, the induced current, i, 
flowing through the coil, is as follows : 
. dP 
E 105n Ut 


i= - = — 


BRS R 
where R represents the resistance of the 
circuit. 


Fig. 7, — Exploring coil (track type). 


It will be seen from the foregoing that 
the induced current varies with the num- 
ber of turns of the exploring coil n and 
with the rate of the exploring coil cutting 
dD 
aA 
necessary that the magnet and the explor- 
ing coil should be moved at a uniform 
speed and the speed of cutting flux should 
be constant. 

For magnetizing the rail, an electro- 
magnet of horse-shoe type is placed on 
the rail and is slided from one end of 
the rail to the other. Slightest air gap, 
therefore, between. the rail surface and 
two poles of the electro-magnet, yes, even 
as little as one millimetre, gives so great 
an effect upon the magnetization of the 
rail, that scrupulous care must be taken 
to keep a uniform air gap between them. 

With carbon steel such as rail steel, the 
maximum permeability occurs at a spot 
with magnetizing force of ten gausses, so 
that effort was made in the present study 
to magnetize the rail up to 10 gausses. 

Figure 1 shows general view of the 
apparatus based upon the above mention- 
ed principle for detecting faults in rails. 
At each of the two poles cf the horse- 
shoe magnet (B), were fitted four rollers, 
so as to facilitate the slide of the magnet, 
detailed view of the magnet being shown 
in figures 2 and 3. Halfway between 
the two poles of the magnet is fitted an 
exploring coil (see figures 6 and 7) on 
rail and was slided along the rail as the 
magnet moves. This exploring coil con- 
sisted of very fine copper wire wound 
with silk and was completely insulated 
with mica plate, which was intended to 
provide against any leakage of external 
current affecting the coil; lead wires ex- 
tended from both ends of the coil and so 
connected the coil with terminals of the 


the leakage flux It is, therefore, 
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galvanometer. On account of form of 
this coil as shown in figures 6 and 7, 
it was not affected by magnetic lines of 
force (magnetic flux) passing through 
the rail, but exclusively affected by lea- 
kage magnetic flux in the air surrounding 
the rail. The coil as shown in the fi- 
gure 6 has a form convenient to handle 
in rail manufacturing shops or labora- 
tories, and that as shown in figure 7 is 
better for rails already laid on track. As 
to examination of rails, this apparatus 
was fitted to the rail, so that a part of the 
rail. might always be magnetized by an 
electric current flowing through the mag- 
net. Then the apparatus was slided at a 
uniform speed from one end of the rail 
to the other by means of an electric truck 
(A, fig. 1). If there is any crack, cavity 
or blow-hole, abnormal stress or any such 
kind .of fault in rail as may affect the 
magnetism or permeability, the galvano- 
meter mirror will deflect, which is due 
to induced current in the exploring coil 
produced by leakage of magnetic lines of 
force. Figure 5 shows the detailed view 
of the recording apparatus used in our 
defecto-scope. The galvanometer used in 
our test was a d’Arsonval type having high 
sensitivity and quick damping. As for 
observation of the deflection, light ray 
coming from a light source (h, fig. 5) 
was reflected upon the mirror and the 
image of the reflected ray was formed 
upon frosted glass (a, fig. 5), which was 
placed some 30 centimetres (1 foot) in 
front of the mirror. In this way, tie 
oscillation of the mirror was followed by 
shifting of the image. 

Figure 4 shows the detailed view of 
the recording device. In figure 4 an op- 
erator has the pen holder (b), traces the 
reflected image of the light spot, coming 
from the galvanometer mirror and mov- 
ing to and fro on the frosted glass (a), 


Fig. 8. — Comparison of sulphur prints. Fig, 9. — Comparison of content of sulphur between fa 
Right hand: faulty portion. portion (B) and faultless portion (H). (Htched 
Left hand : faultless portion. 5 °/,, NO#H alcohol solution). 


Hig. 10. -— Comparison of sulphur prints. Fig. 14. — Cavity at the faulty portion (B) 
Right hand : faulty portion. — Leff hand ; faultless portion. of fig. 9. 


Fig. 12. — Microscopic structure at faulty portion. 
Right hand : structure of head. — Left hand : blow hole and slag at the base. 


S Transverse 


Fig. 13. — Intersection of transverse fissure 
and split head, detected with the new rail defecto-scope in field survey. 


Transverse fissure 
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along a horizontal beam by means of a 
pen handle (c), and a pen attached to the 
lower end of the holder records the mo- 
vement of the light spot on the recording 


paper (e@) which is gradually drawn out # 


by clockwork, 

Figure 15 shows examples of curves 
recorded by our recording device for va- 
rious rails. For perfect recording of the 
deflection of galvanometer, photographic 


Electro-magnet : 


Dimensions of the horse-shoe magnet 
Distance between two poles 

Magnetizing force 

Voltage of magnetizing. 

Current of magnetizing. 

Total number of turns of- napaeueing aie 
Size of magnetizing coil wire . 

Air gap between the pole of magnet aa roe 


Exploring coil : 
Total number of turns . 
Size of coil wire. ; 
Resistance of coil with leading wire . 
Galvanometer : 


Manufacturer. 
Type 


Period . 
Sensitivity . 

Truck (magnet driving equipment): 
Direet current motor 


Electric source 


Number of batteries. 


Figure 15 shows typical curves recorded 
for homogeneous and non-homogeneous 
rails. 

(1) is a curve for fissured rail such 
as with transverse fissure, the deflection 
of galvanometer being large and rapid. 

(2) is a curve for homogeneous rail, no 


-it made clear the defect readily on the 


film might have had an advantage over 
the recording paper (e, figs. 4 and 5) in 
point of accuracy and good appearance 
of result recorded. But the latter was 
adopted as it was very easy to handle and 


spot, on track as well as in the labora- 
tory. 

Of the data concerning the apparatus, 
the following may be mentioned : 


38 & 38 & 735 mm. 
205 mm. 

4 000 amprres-turns. 
12 volts. 

2 amperes. 

2 slash Me ONE 
No. 14, B. W. G- 

0 mm. 5. 


; 100. 
No. 36, B. W. G. 
. 50 ohms. 


Lead & Norshrup, U.S. A.. 


d’Arsonval type, type R, 
No. 2500. 


6 seconds. 
0.0005 microampere. 


1 H.P., 48 volts, 10 amperes, 
1000 revolutions per minute. 


G. S. storage battery 
80 amperes- hours. 


24 cells. 


remarkable deflection being seen, except 
that caused by initial movement of the 
magnet. 

(3) is a curve for a rail of which a 
defect is exposed and of which the in- ~ 
ternal stress is not uniform. 


(4) is one for a new rail, large deflec- 
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~ tions at equal intervals being due to stress 
_ at the spots pressed by a rail-straighten- 
_ ing machine (or gagging press), the de- 


slow. The initial disturbance which is 
common to all is caused by tumult and 
residual magnetism in the rail due to the 
magnet at the time of starting the truck. 


~ flection of galvanometer being large but 
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. Fig. 145. — Comparison of the recorded curyes between homogeneous and non-homogeneous rails. 
(1), (2) and (3) are 60 Ib. old rails, 33 feet long. 
(4) is a 60 lb. new rail, 33 feet long. 


III. — Results of experiment. 


As preliminary experiment of the pres- 
ent study, artificial defects were given to 
rails by means of saws, drills, etc., for 
which curves recorded are given in fi- 
gures 16 and 17 (rail Nos. 1 and 2). Galva- 
nometric deflections due to transverse 
sawcut were large and rapid. These de- 
flections are different in kind from other 


gradual ones (due to the effect of cold 
work, heat treatment, etc.) and may easily 
be distinguished from the latter. 

It this way, about 100 rails were tested 
during the period September 1921 to the 
end of March 1922. Following is a com- 
parative test carried on structures af 
faulty and faultless portions of rail as 
represented by curves of large and small | 
deflections recorded on the paper. If the 
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results of rail break test show defects in 
the former and not in the latter, this ap- 
paratus may be said to be a proper one 
for detecting internal defects of various 
iron and steel materials such as rail. 
Now, in the break test, segregation of im- 
purities, especially of sulphur, carbon, 
etc., and in-uniformity were examined by 
sulphur printing and microscopie testing, 
and at the same time, mechanical tests, 
such as hardness test, drop test and other 
testing by cut were carried out. 

Rail No. 3 (fig. 18) was an old rail of 
foreign manufacture, 2 metres (6 ft. 
6 3/4in.) inlength. Asa large deflection 
was recorded at the middle of the rail, 
the rail was broken by rail bender, but no 
defect was visible to the naked eye. Also 
in the sulphur print as shown in figure 8 
no remarkable difference was seen be- 
tween the spots with and without defect. 
Further, in-uniformity of carbon was not 
found in microscopic test on the same 
test pieces. Finally, Shore’s scleroscopic 
testing showed averages of 24 and 49 at 
the spots with and without defect, res- 
pectively, thus the difference being five. 
So, this great difference in hardness was 
regarded due to abnormal stress applied 
from outside at the time of certain cold 
working. 

Rail No. 4 (fig. 19) was one which had 
been laid on track a few years. The piece 
tested was 160 em. (5 ft. 3 in.) long. The 
comparative sulphur content at the spots 
with and without defect is shown in fi- 
gures 9 and 10. The spot marked « B » 
of figure 9 is the section corresponding 
to N. 4, the content of impurities being far 
greater than at the faultless portion « E ». 
« A», « CG» and « D » show the content 
mainly of sulphur at different spots (each 
epproximately 1 cm. [3/8 in.] apart from 
« B»), where impurities were also found 
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locally segregated. Further, cut-test ma- 
de upon the portion corresponding to 
« B » showed a shrinkage cavity ds is seen 
in figure 14. 

From what has been said above, woken 
will see that segregation of sulphur, ca- 
vities, blow holes and increase in hard- 
bess due to abnormal loeal stress in rails 
must entail remarkable deflection of the 
galvanometer, and this deflection rever- 
sely makes possible the detection of in- 
ternal faults of rails. Again, examination 
into microscopic structures showed 0.4 % 
and 0.2 % of carbon near the cavity and 
at the faultless portion (fig. 11), respecti- 
vely. It is highly probable that this hole 
was due to a shrinkage cavity in steel 
ingot, decarburization taking place near 
the cavity at high temperature at the time 
of steel ingot being made. 


As to the reason for the difference in 
hardness between faultless and faulty 
portions, rails, when rolled, generally 
bend to some extent, and these are made 
straight by pressing with the straighten- 
ing machine; in the present test, these 
rails showed a large deflection at the 
spots so pressed; in other words, the de- 
fiections can safely be attributed to great 
local abnormal stress due to press, and 
high hardness at these spots may be 
regarded as effect of cold straightening 
work. This fact was corroborated by the 
experiment on rail No. 5 (fig. 20). = 

Rail No. 5 (fig. 20). was a new one, 
4 metres long (13 ft. 1 1/2 in.). From 
the recorded curve two faulty portions: 
may be inferred to exist near the middle, 
not to say the remarkable deflections at 
rail ends which were due to local heating. 
Two drop-test pieces, each 122 em. (4 ft.) — 
long were cut off the faulty and faultless — 
portions, and ‘they were named No. 3A. 
and No. 3B, respectively. On these were — 
made the drop-tests by dropping a 
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— 4000 kgr. (2.200 lb.) iron weight from a bon steel, was considered to make a cause 


height of 4.5 m. (14 ft.9 in.). Deflection 
for 1 m. (3 ft. 3 3/8 in.) span as indicated 
in the annexed table resulted, but both 
pieces did not break. Further, Shore’s 
scleroscopic and Brinell’s hardness test- 
ings were made upon the same two pieces, 
as the result of which averages of 32 
and 241.5 at the faulty portion and 28 
and 204.5 at the faultless portion were 
obtained for Shore’s and Brinell’s res- 
pectively. As the microscopic structure 
showed almost no difference between 
faulty and faultless portions, the large 
deflection recorded may be regarded as 
effect mainly of press by the straight- 
ening machine. 

By comparing the results of several 
hardness tests, it was found that the 
faultless portion had uniform hardness, 
while the faulty portion had in-uniform- 
ily, very hard spots being often found 
mingled with less hard ones, which in- 
dicated the presence of abnormal internal 
stresses given to rail when it was man- 
ufactured. 

Rail No. 6 (fig. 21) was a new one, 
4 metres long. Results of the drop-test 
on the test piece (No. 7A) taken from 
faulty portion and that (No. 7B) taken 
from fauliless portion are given in the 
annexed table. No. 7A did break but 
No. 7B deflected about 70 mm. (2 3/4 in.). 
Microscopic study showed that the content 
of carbon and manganese sulphide or 
other impurities of the one was about 
the same as that of the other, but general- 
ly, high carbon and slag inclusion as seen 
near the bottom of the faulty portion 

(see fig. 12) were regarded as one of 
the causes for break, and great stress due 
fo application of the straightening -na- 
chine, which is likely to cause cracks in 
structure, especially in case of high car- 


for breakage. 

While the steel ingot for all these tested 
rails was a product by the Bessemer con- 
verter, that for rail No. 7 (fig. 22) was 
a manufacture by the Siemens open 
hearth. 


Rail No. 7 was a new one, with no 
straightening machine applied. The cur- 
ve for this rail shows practically no large 
deflection over the whole length and 
indicates the rail to be magnetically al- 
most homogeneous. Drop-tests were 
made on two test pieces, that is, No. 2’ 
and No. 2” which were taken from two 
spots arbitrarily chosen of the rail. From 
the results given in the above table, we 
see that the second drop-tests made upon 
zach of the two pieces caused no break. 
but deflection was well over 130 mm. 
(5 1/8 in.). The microscopic structure 
was also good, carbon and manganese sul- 
phide or other impurities being uni- 
formly distributed. 

Rail No. 8 (fig. 23) was a new one made 
of Bessemer converter steel ingot. Re- 
sults of drop-tests made on a test piece 
(No. 4A) taken from faulty spot and that 
(No. 4B) taken from faultless spot are 
also given in ;the above fable. In the 
first drop-test, both pieces did not break, 
but in the second, only the faulty piece 
broke. 

Thus it will be seen that although ab- 
normal stress due to straightening press 
or gagging press cannot be said to be a 
defect in rail, at least so far as the man- 
ufacturing process at present is con- 
cerned, yet with our magnetic defecto- 
scope, it is decidedly a defect. Such ab- 
normal stress, indeed, gives no bad effect 
on the rail of low carbon steel, but it is 
likely to cause damage to comparatively 
high carbon one. 
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1V. — Results of tests upon rails laid 
on track on the Japanese Government 
Railways in Tohoku (Northeastern) 
district. 


Number of breaks of 60 lb. rails of 
foreign make and laid on frack in 41887, 
on the Kériyama Maintenance Section, 
Tohoku (Northeastern) Main Line was 
not so much in summer as in spring and 


#2 in 1920, 20 in 1924 and 42 in -the 
first six months of 1922. The break- 
age was regarded mainly due to the 
so-called transverse fissure which char- 
acterizes some of foreign made rails. 
From 20 to 27 July 1921, field-test was 
made with our apparatus on the rails 
which were laid on track between Sasa- 
gawa and Koriyama (136.3 to 139.4 miles 
from Ueno). The results showed that 
the majority were good as rail, but some 
of them had got lapping at the time of 
rolling process, which was no doubt due 
to poor ingot. In some case, this defect 
was visible from outside and in other, 
transverse fissure and split head were 
found intermingled (see fig. 13) with our 
apparatus. Rapid deflection at « A » of 
rail No. 9 corresponds to the defect shown 
in figure 13. It is noticeable that a clear 
nucleus crack is found in the fracture. 
Again, other deflection of the curve, judg- 
ing from its slow movement, appears 
mainly due to stress given to the rail when 
it was manufactured. 

Rail No. 10 was one taken out of track 
and stored on the premises of the Kériya- 
ma Branch Office of Maintenance. Bend- 
test made on that portion of rail which 
corresponds to that of a large deflection 
of curve recorded, showed very clearly a 
typical transverse fissure (see fig. 14). 
In short, the internal transverse fissure, 
_ which gives the worst effect upon rails 


autumn. The total number of breaks was 


and is also one of the principal causes 
for simple breakage of rails laid on track 
for a long period, can clearly be distin- 
guished from other defects on account of 
rapid shilting of the light spot caused by 
the former. But in rails where the 
nucleus crack has aot grown large enough, 
the shifting of light spot is rapid but 
not large, which naturally requires scru- 
pulous care in the observation. 


VY. — Principle of the new testing 
method applied to other test. 


The foregoing is mainly a report on re- 
sults obtained from 60 Ib. steel rails. But 
the principle of such method of detecting 
faults by magnetic induction has much 
wider application. It may be used for 
examining all ferro-magnetic materials 
with uniform section, from those with 
larger section, such as bars, shafts, steel 
pipes, etc., down to those with smaller 
section, such as cable or wire-rope used 
as suspender of elevators or at mines. 
For more than ten years, study in this 
direction has been made by the Bureau 
of Standards, U.S. A., and of late an ap- 
paratus named « Cable Analyzer » has 
come into the market. This is somewhat 
different from ours, but no detailed report 
being given, we cannot ascertain to what 
extent defects may be detected with this 
device. It is gathered from the results 
of our rail examination, that the Amer- 
ican apparatus will be of value for exami- 
nation of bars, cables, ete., which have 
rather small section. 


VI. — Summary. 


This report deals with the typical of 
the results of many experiments. Rails 
recorded as faulty by our apparatus have 
also been proved so by other mechanica! 
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Fig. 16. — Rail No. 1: A record for 60 1b. new rail, showing the effect, 
of various, artificial defects. 
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Fig. 19. — Rail No. 4: A record for 60.1b. ala rail, 
showing a faulty portion. : 
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tests. Further, according to the results 
so far obtained, three different kinds of 
internal defects of rail are detectable with 
our apparatus, that is : 


1) internal cracks and cavities or blow 
holes, 

2) segregation of impurities, 

3) abnormal internal stresses (mostly 
due to press by straightening machine). 


Of these three, deflection of galvano- 
meter due to the first, being comparatively 
rapid, can be distinguished from slower 
ones due to other two. 

The second, that is segregation of im- 
purities is not, by nature, so high in de- 
gree as to make the affected rails necessar- 
ily unserviceable. 

The last one, namely abnormal internal 
stresses, may be insignificant, if the car- 
hon content be low; while if it is high, 


- distinguished from faultless portions; 


there will be risks of serious rail failure. fi} 


The merits of our device may be enum- 
erated as follows : 


1) Simplicity; * 
2) Distinctness and accuracy in detect- 
ing various defects, that is, curves record- 
ed enable faulty portions clearly to be 


3) It is handy and portable, so that it 
may be applied on the spot to rails already 9 
laid on track as well as rails just purchas- J 
ed and not yet in service; a 

4) Test on one rail is completed in a_ 
rather short time. With our apparatus, 
the time required for testing one rail is 
about one or two minutes. Where rails” 
can easily be handled or have already 
been laid on track, the number amounts 
to about 100 in an hour. 


a 


[ 388. (09.4 (.45 + 494) J 


The Domodossola-Locarno Italian-Swiss Railway. 


Figs. 1 to-9. pp. 346 to 355. 


(Rivista tecnica delle ferrovie italiane.) 


After being eighteen months in opera- 
tion, the Domodossola to Locarno Rail- 
way has proved to the public at large its 
importance from the international point 
of view as a link between the St. Go- 
thard and Simplon lines, as well as for 
the economical life of the numerous val- 
leys which it serves, but especially for 
the interest it offers to tourists on ac- 
count of the characteristic aspects of the 
wild and picturesque valleys over which 
it passes and the table land of Vigezzo 
covered with green meadows. On the 
other hand, this period of working has 
shown, from the technical point of view, 
the best commentary as to the success of 
several bold conceptions and the advan- 
tages of electric traction under the most 
unfavourable conditions for the construc- 
- tion of a railway. 

Now that it is possible to form a settled 
opinion on the subject, it seems a favou- 
rable time to publish the following ar- 
ticle on the new line, which has already 
been described (1), from particular points 
of view, without giving, as is our inten- 
tion, the original photographs as a guide, 
for which we are indebted to the cour- 
tesy of the « Societa Subalpina di Imprese 
Ferroviarie », and which show the most 


(4) See the article in the Schweizerische Bau- 
zeitung for 1922 : « Die eisernen Ueberbauten der 
Centovalli-Bahn, Ferrovia Locarno-Domodossola » 
(Metal structures on the Centovalli Railway), by 
Engineer P. Sturzenrccer, and the article in the 
Rivista det Trasporti for 1924 : « La ferrovia 
elettrica Domodossola-Locarno ». 
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interesting constructions, both in metal 
and stonework on the line. 


(Note by the Editor of the « Rivista Tecnica En 


¥ 
* * 


I. General remarks. — The designers of 
this railway were naturally anxious to 
keep intact, as far as possible, the natural 
beauties of the scenery, and did their 
best to give to the various constructions. 
the design most suitable for the majestic 
wildness of the country, and as we shall 
see, they succeeded perfectly in their 
task. 

The survey of the new line, which was 
commenced on the Italian side in 1904 
through the initiative of Vigezzin Andrea 
Testore, and on the Swiss side by that of 
the Hon. Francesco Balli, met with con- 
tinual difficulties, either of an adminis- 
trative nature, two states being involved, 
or by economical matters relating to the 
financial organisation of the scheme, so 
that everything was held back until the 
27 May 1911, when the construction of 
this new railway was placed in the hands 
of the engineer, Jacques Sutter. In Fe- 
bruary 1912 the « Societa Subalpina di 
Imprese Ferroviarie » (Subalpine Com- 
pany of Railway Construction) was form- 
ed at Milan, which took the place of the 
concession given to Engineer Sutter, and 
after having successfully completed all 
arrangements for the scheme, started 
work in December of the same year. The 
European conflagration, however, consi- 
derably upset the work, which at first 


Fig. 14. — Viaduct over the valley of Margologio (40th km.) 
3 arches of a span of 29 m. (95 feet) and 56 m. (184 feet) 
above the bed of the river. 
train passing over, 


The view shows a through 


was slowed down and then entirely stop- 
ped, to be recommenced in 1920 and hap- 
pily finished in 1924. 


dl. General plan. — The new railway 
leaves Domodossola at an altitude of 
270 m. (886 feet) above sea level, crosses 
the valley of Ossola, climbs along the val- 
ley of Vigezzo up to the plateau of the 
same name (altitude of the station Santa 
Maria Maggiore which corresponds to the 
dividing line of the waters: 820 m. 
[2690 feet]) and from thence descends 
along the valley of Melezza, called Cento- 


Fig. 2. — Bridge over the Antoliva valley (14.05th K 
composed of one arc of 46 m. (151 feet) span and fe 
arches of a span of about 6 m. (20 feet) each. About 50m 


(164 feet) above the bed of lhe river. . 


valli, up to Camedo (on the Italian-Swiss 
frontier). At this point, near Ponte 
Brolla, it rejoins the Locarno to Bignasco 
railway, over which it-.runs for a dis- 
tance of 5 km. (3.1 miles), finally reach- 
ing the Swiss Federal Station of Locarno, 
The complete plan is shown in figure 7. 

The gradients on the Italian side average 
1 in 36, and about 1 in 50 on the Swiss 
side; the steepest gradient being 1 in 16 
and the sharpest curve has a radius of 
50 m. (2 1/2 chains). The total length 
of the line is about 46 km. (29 miles), of 
which 32 km. (20 miles) are on Italian 
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Fig. 3. — The Ruinacci metal bridge (Swiss section), Main arch of 58m. (190. feet) 
| spin with two end spans of 21 m. (69 feet) each. Height above river bed : 55 m. (180 feet). 


‘territory and 14 km. (9 miles) in Swit- these valleys amounts to about 6 000, but 
zerland, which include the 5 km. a population of more than 30000 is di- 
(3.1 miles) in common withthe Locarno rectly interested in this line. 

to Bignasco Railway. The population in The railway is supplied with Vignoles 


SosSaRe 2 


rails weighing 25 kgr. per linear metre 
(50.4 lb. per yard), and is used by pas- 
senger and goods trains, which accom- 
plish the distance in about two hours. 
Through trains are also run to establish 
the connection between the fast trains 


from the Simplon to the district of Lake 
Majeur. 


Ii, Structures. — With the exception 
of the crossing of the plateau of Vigezzo, 
and over a few kilometres on the plain of 


Fig. 4. — Bridge over the Isorno near Intragna (Swiss section). The main arch has a span of about 87 m, (290 feet) 
with two others, one at each end respectively of 16m. (52 4/2 feet) and 25 m, (82 feet). Height above the 


bed of the river : 75 m. (246 feet). ; 


Toce, nearly the whole length of the line 
is made up of an uninterrupted series of 
bridges, viaducts, sustaining walls and 
also, especially on the Swiss side, nume- 
rous tunnels, 

On the Italian section there is only one 
metal construction which crosses the ri- 


ver Toce, near Domodossola; the most 


important structures being of stonework,. 


namely: 

a) the Margologio viaduct (fig. 1), 
with three arches of a span of 29 m. 
(95 feet) and’ about 56 m. (184 feet) above 
the bed of the torrent of the same name 
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Fig. 6. — Half elevation and plan of the bridge over the Isorno on the Locarno side. 


planation of German terms: Die Diagonalstreben der... = The diagonals of the main girders are not shown in this view. — 
Kampfergelenk = Hinge at the springing. — Kant-Str. = Cantonal road. — Nach Domodossola = Towards Domodossola. 
— Scheitelgelenk = Hinge at the key of arch, — Strasse = Roadway. — Von Locarno. = From Locarno, 
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and near the 10th km, its gradient being. 


about 1 in 19; 


b) the bridge over the Antoliva 
(fig. 2) is composed of one arch with a 
span of 46 m. (151 feet) and four arches 
of a span of about 6 m. (20 feet), and is 
50 m. (164 feet) in height above the bed 


of the stream situated near the 14th km.- 


on a gradient of 1 in 112; 


c) the Cutredo viaduct, over the Me- 
lezza torrent, is composed of five arches 
of a span of 16 m. (52 1/2 feet) and one 
arch with a span of about 12 m. 
(39 1/2 feet). 


On the other hand, the Swiss section 
has only one construction in stonework 
of any importance, this being the viaduct 
over the valley of Ingiustria, and com- 
posed of three arches of 25 m. (82 feet) 
span and one of about -12 m. (39 1/2 feet), 
its height being about 60 m. (197 feet). 

' It is worth while pointing out, both 
from design and constructional points of 
view, that the two metal bridges, both 
on Swiss territory, have gradients of 1 in 
333, one of which is in the district of the 


Ruinacei near the 33rd kilometre close. 


to the frontier, and the other over the 
Isorno torrent at the 41stkm. The engi- 
neers in charge of the design of these 
two structures did their utmost, and with 
great success, to make the design suitable 
for the picturesque framing formed by 
the deep, verdant and wild valleys. The 
bridge over the Ruinacci (fig. 3) is com- 
posed of a central span of about 60 m. 
(197 feet), and a span at each end of 
21 m. (69 feet) each, its height above the 
river bed being about 197 feet, The 
bridge over the Isorno (fig. 4) is com- 
posed of a céntral arch of about 90 m. 
(295 feet) span and one at each end of 
16 and 25 m. (52 1/2 and 82 feet) respec- 
tively. The height above the river bed 
being 75 m. (246 feet). 

The central arch of both bridges is 
hinged at three points, whilst the end 
spans are simply supported at their ex- 
tremities. 


The uniform character of the general 
arrangements of these two bridges was 
influenced by the local conditions, besi- 
des making the construction of the fra- 
mework easier and more economical, as 
well as for their erection, 

As regards the characteristics of the 
line over these two bridges, it should be 
mentioned that it is straight over the cen- 
tral arches and curved over the end spans 
to a radius of 300 m. (15 chains). The 
total length of the first bridge is 128 m. 
(420 feet) and that of the Ruinacci 99 m. 
(325 feet). The main girders of the two 
bridges are inclined to one another at an 
angle of 1 in 8.3 (see fig. 5), and the dis- 
tance between them at the top is 4.166 m. 
(13 ft. 8 in.), a figure which represents 
respectively 1/20 and 1/15 of the spans 
of the two bridges. The height of these 
girders at the key is 3.50 m. (11 ft. 
5 3/4 in.), or about 1/25 and 1/19 of the 
respective supports. The proportion of 
the distance between the points of sup- 
port and the elevation of the arch keys 
above the springing of the arches is about 
6 to 1 for the Isorno bridge, and about 4 
to 1 for the Ruinacci bridge. Figure 6 
shows in elevation and plan half of the 
Isorno bridge, which taken in conjunc- 
tion with figure 5, gives some interesting 
constructive details, 


IV. Rolling stock and composition of 
trains. — Passenger and goods trains are 
run by similar motor coaches, the prin- 
cipal mechanical characteristics of which 
are as follows : 

Length over buffers : 14.404 m. (47 ft. 
3 1/8 in:); ; 

Distance between the two bogie cen- 
tres : 8.500 m. (27 ft. 10 3/4 in.); 

Rigid wheel base of each bogie: 
2:200:.m. C7 ft.22, 5/8 in): 

Diameter of the driving wheels: 0.920 m. 
(3 ft. 1/4 in.) ; 

Total adhesive weight : 30 t. 

The buffer and traction apparatus is 


applied to tthe bogies, an arrangement 
which has been found to be very advan- 


‘f tageous for lines of steep gradients and 


_ sharp curves, Each motor coach con- 
tains a sitting accommodation for 36 pas- 
| sengers and for 15 standing; the trailers 
_ (generally two for each passenger train) 
_ weigh unloaded 11 t. each and have room 
for 41 sitting and 30 standing. With 
_ goods trains, wagons take the place of the 
- two trailers, the tare of which is 7 t. 
_ and may be loaded to 5 t. each. In both 
_ cases the total weight of the complete 
train averages 65 t. and has a speed of 
20 km. (12 1/2 miles) per hour ona 
_ gradient of 1 in 27, and 40 km. (25 miles) 
on the level. 


VY. Electric equipment for the motor 
coaches and the line. — The equipment 
of the motor coaches consists of four 
- 110 H. P. motors working at a pressure of 
1 200 volts continuous current, and at a 
speed of 630 revolutions per minute; also 
a controller with running positions in 
series and in parallel, and arranged for 
electric braking; two operating control- 
lers; a pantograph current collector; an 
automatic single pole circuit breaker with 
hand and air control, and a motor com- 
pressor having a capacity of 550 litres 
(19 1/2 cubic feet). Whilst there are two 
driving controllers, one at each end of the 
motor coach, there is only one main con- 
troller placed in the high tenion cham- 
ber in the centre of the car. This con- 
troller is made up of a certain number of 
contactors worked by cams fixed on a 
central shaft; the latter in its turn being 
mechanically controlled from the two 
_ platforms of the motor coach. 
The controller also contains a drum for 
_ reversing the running direction, and a 
2 drum for cutting out one of the two 
_ groups of two motors. The reversing 
drum can be controlled either pneuma- 
B ically from the driving ‘platforms, or by 
hand on the controller itself by means of 
a lever, On the other hand, the drum 
used for cutting out a group of motors 
_ can only be worked by hand on the con- 
troller. 
The equipment of the motor coach also 
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comprises a complex system of ingenious 
interlocking devices, mostly of recent de- 
sign and designed purposely for this type 
of car, thanks to which mistakes that 
might be made in operating become al- 
most impossible. For instance, if the ne- 
versing handle is pulled back on the 
operating switch, all controls remain 
inoperative, and it is not possible to re- 
verse the motor coach or raise the pan- 
tograph or close the main switch unless 
the controller is in the « off » position; on 
the other hand, it is possible in all cases 
to open the circuit breaker or lower the 
pantograph. ‘Entrance into the high ten- 
sion chamber is not possible, unless the 
pantograph is lowered. 


Control of the circuit collector (pan- 
tograph) is carried out pneumatically by 
means of the operating switches, and if 
the compressed air fails, the necessary 
supply can be given by means of a hand 
pump. 

The contact wire, which is of copper 
of 80 mm? (0.124 square inch) section, is 
simply suspended on wooden posts fixed 
in iron sockets and reinforced concrete, 
and placed at a maximum distance apart 
of 35m. (115 feet). 


Figure 9 shows the arrangement of the 
electric distributing mains. Current is 
supplied by three sub-stations. situated 
respectively at Trontano (km, 7.9 from 
Domodossola), at Re (km, 25.75) and at 
Ponte Brolla (km. 46), each of which is 
equipped with two groups of converters 
each one supplying 425 kw. of continuous 
current at a pressure of 1300 volts. On 
the other hand, the sub-stations receive 
three-phase current at a frequency of 
50 periods and a pressure of 12 000 volts 
at Trontano and Re, and 6000 volts at 
Ponte Brolla, There is therefore avai- 
lable for working the railway an installed 
capacity of 2 550 kw., of which 1 275 kw. 
is in use, or sufficient power to run si- 
multaneously two normally loaded trains 
on the steepest gradient which occurs on 
the track (1 in 16.6). 

There are three feeders: the first start- 
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ing from the sub-station at Trontano, re- 
joins the contact line at Domodossola at 
the 13th km.; the second leaving the sub- 
station of Re rejoins-the contact line at 


BY (er 


the 22nd km. and 30th km. and the third 
leaves the sub-station of Ponte Brolla and 
rejoins the contact line at the 35th km. 
and 46th km. 
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The virtual coefficients of railway lines. 
By Professor S. F. BALATRONI, of the Royal Engineering College, Bologna. 


(Rivista dei Trasporti.) 


1. — The determination of the virtual 
lengths, that serve as the basis for the 
calculations of the total costs of working, 
is based on statistics which, no matter how 
conscientiously they may have been com- 
piled by the railways to which they relate, 
can only be applied with difficulty to other 
conditions of time and place, because the 
details of these costs, and, what is still 
more important, the relative proportions 
vary from time to time and from place to 
place. 

The virtual coefficients that are deduced 
from considerations of the motive power 
consumed alone, without taking account 
of the make-up of the trains, do not take 
into account sufficiently accurately the 
full influence of the gradients, even when 
dealing with that portion of the costs of 
traction to which they are intended to 
apply. 

The Italian formula (Italian Railway 
Conventions of 1885), which took account 
of the influence of gradients from the 
double point of view of the extent to 
which the make-up of the train is depen- 
dent on the maximum gradient and the 
extent to which the mean gradient mod- 
ifies. the consumption of motive -power 
necessary for hauling the train, laid down 
a rational basis which was hidden by 
too many approximations and by the 
excessive number of mean values intro- 
duced into this formula, These made it 
appear to be an empirical expression 
rather than a formula based on rational 
data. 


Many authorities, of whom probably the 
first was Professor Azimonti (1), recognised 
the good features of this first formula, and 
restored it to favour. Recently Professor 
Maffezzoli (2) gave it a rational and very 
simple form worthy of adoption with every 
confidence. We think it worth while 
reproducing this formula, in which we 
have substituted the notation that has 
been adopted by us for this article : 


a 0007 —1) (wi +i) 
1000 fecal 


The constant gradient of the virtual 
line ip = 0. 

fis the coefficient of adhesion. 

Wo, Wi; Wm are the coefficients of resist- 
ance to traction on the level and on the 
straight at the speeds which, with the 
locomotive in question, correspond to 
those of the train on the gradients 0, i 
(mean) and im (maximum), Maffezzoli ad- 
vises that these speeds and resistances be 
calculated by means of the empirical for- 
mule : 


ae (2) 


V = 48— V0 —9) 


and w=1.2+0.02V + 0.0005 V# 


(4) « Alcune note sul confronto dei tracciati stra- 
dali... » (Notes on the comparison of the alignment 
of roads), Milan, 1907. 

(2) « Le lunghezze virtuali e la formula dell’ 
Allegato F delle Convenzioni ferroviarie italiane 
del 1885 » (The virtual lengths and the formula of 
Appendix F of the Italian Railway Conventions 
of 1885). Rivista dei Trasporti, 1924, No. 9. 


where V (the speed in kilometres per hour) 
= 45, up to i=10 mm. per metre. 

6 is the ratio of the adhesive weight to 
the total weight of the locomotive. 


We propose to investigate whether it is 
not possible, without excessive practical 
difficulty, to give the formula (1) with the 
necessary modifications, a more extended 
application by making an enlargement of 
the usual idea of the virtual length, which, 
on close examination, appears to be insuf- 
ficiently wide. We shall, moreover, re- 
tain the feature of the virtual line of being 
on the level, that is to say : ip = 0. 

2.— In calculating the virtual length 
of a lay-out of a line a suitable type of 
locomotive is selected and supposed to run 
with various trains and often at different 
speeds both on the actual line and on the 
virtual line. The make-up of the train 
follows the requirements respectively, for 
adhesion, of the two gradients i, and io. 
It is of little importance that the second 
of these trains could not be run on the 
virtual line, a hypothetical train alone 
being in question, as a basis of comparison, 
but not necessarily a train that would 
comply with the practical conditions. 

If the lines that are to be compared have 
maximum gradients im (gradients by which 
we mean the ruling gradients that decide 
the make-up of the trains and not the 
short steeper gradients that can be sur- 
mounted at a run), which differ little 
between themselves. and if consequently 
they can be worked rationally by the same 
locomotive, this will only affect the value 
of the virtual coefficients; because the 
factor of comparison remains always the 
same for all lines (so far as they are 
purely hypothetical) and consequently the 
relative meaning undergoes no change. 
Nevertheless, the virtual coefficients ar- 
rived at have no fixed value, because 
they relate to hypothetical traction ona 
virtual line and this traction varies accord- 
ing to the locomotive that is adopted for 
the actual lines. | wee 

But when it is necessary to compare (as 


IV—45 


Bagey. 


in the general and most usual case) lines 
having different maximum gradients, and 
consequently having their services pro- 
perly worked by locomotives having dif- 
ferent characteristic features, these virtual 
coefficients determined as above lose all 
their meaning, even their relative mean- 
ing, because for the object of comparison 
(for the virtual line) different types of 
traction are used in the different cases. 

If, on the other hand, it were desired 
that this comparative term should remain 
the same, it would be necessary to assume 
that the same tractor was used on the 
lines under comparison, which would be 
contrary to fact. 

To overcome this difficulty it is neces- 
sary that traction on the virtual lines 
should be independent of the type of 
tractor on the actual line, and that pre- 
ferably it should be a type that would be 
suitable in practice. Then the virtual 
coefficients assume the character of ab- 
solute coefficients. 

It is obvious that the virtual line on the 
level should be worked differently accord- 
ing to the category into which fall the 
actual lines with which comparison is 
being made: main lines, light railways. 
tramways; but it will remain the same for 
any one category, until sufficient progress 
in the use of the method permit the model 
organisation of the traction being com- 
pared to be dealt with. 


We shall adopt the three-term formula 
proposed by Professor Tajani (‘). 
S=A+bP+cT 
where ¢ 
A, represents the cost per kilometre pro- 
portional to the length ; 


bP, the costs proportional to the pro- 
duct P, for each kilometre ; 


(4) Trattato moderno di materiale mobile ed 
esercizio delle ferrovie (Modern Hand-book of 
Railway Rolling-Stock and Working), vol. 14, 
chap. III. 


oy 


T, the number of train-kilometres run 
per kilometre of line per annum; E 

c, the cost per train-kilometre, compris-_ 
ing ey costs that vary with the distance 


“s the cost of working per kilometre. 


eae: ae to take account without 
di mas "the ee 


pees having a constant gradient im. 


On these bases, we can imagine that a 
comparison on the two lines, the virtual 
and the actual, is made in two steps : in the 
first place, we can make a comparison 
between the traction which would be 
rationally suitable to the gradient i, with 


_ that which would be necessary on a corres- 


ponding virtual line with locomotives suit- 
able to the gradient i,, of the actual line. 
_ According to what we have stated above, 
the oe traction costs as much per kilo- 

metre with the same make-up of train, and 
at the same speed, as if performed on a line 
This ratio 


is therefore the same as that which exists 


: between the cost of traction corresponding 


labl Be ve the virtual line and that of traction 


omo uve coast ee 
in both cases, tl eee 


cithe % 


é ' ba 


to the line i,,, each having 


3 ag appropriate ‘speed which we will 


te second place, we can make a com- 
parison between the cost of traction on the 


eta eee oe run- 


pa ees ee 


ati a Ta and Peete te er 
me sive fo and Vm the 
For dif- 


ae 
vi PEP ei carried on the 
train, as well as the cost. of rolling stock, 

_ maintenance, and renewals; the only ex- - 
iieatreh threes the locomotive crew _ 
and the minimum train crew, which vary 
Renate alia the time oceupied. The 


 ratioz, will then take the form : 


I 
7 , aPam + m— 
= Miele (4) 


The two costs can frequently be deter- 
mined by direct analysis, as also can their 
ratio a». The coefficients a and m, can 
be determined once for all, and quickly, 
and the equation (4) may serve to deter- 
mine a, approximately, also without an- 
alysing the costs of running the train on 
the gradient im. From what we have said 
above, it is indifferent whether we con- 


‘sider the train that'is suited to the grad- 


ient i» or that which with the same loco- 
motive is suited to the gradient fo and runs 
at the same speed, because the cost is the 
same in both cases. 


Ratio 8;. — Ifit is a question of the same 
train that runs at one time over the gra- 
dient i and at another over the gradient 
im the cost of motive power will vary as 
the resistance per unit, which will change 
from Wy», + im to w;j+ i. For its part,.the 
cost of the crew will vary approximately 
inversely as the speed, which changes 
from V,», to V;. The cost of rolling stock, 
maintenance, and renewals and other 
minor expenses, depending on the length 
of the train (heating, lighting, etc.), will 
be constant. The ratio will consequently 
have the form : - 


1 
pt g{w;i + i) 1 ee 
DS 
p+ q (Wn {> tm) +o 
y Van 


Ratio yi. — Let Ny and Nj; be the num- 
bers of trains passing over the virtual and 


actual lines, each hauled by appropriate 
- locomotives: Let Qo and Q; be the weights 
' of the two trains hauled available for 


transport; and let 


Bo°= Pay ini ag Ee 
M4 Py + Pon 


¥ the two ratios between the adhesive 
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weight and the total weight of the twe 
locomotives, the latter comprising the 
service wagons, in other words, Pj and 


Pim representing the minimum weights of 


the two trains, 
The weights of the two trains on the 
gradients fg and im will be oe : 


] 
Qo -|- = Po, and Qin + a> Ran: 


M0 om 
For adhesion, it will be necessary in 
both eases to have 


1 
aes Py tt» = 1 000 fF Pao, (6) 


Qua (w" an + dim) +t 
. Om 
= 1 000 f Pam 


Qorw", 


(w'm } Tn) ao 


where f is the coefficient of adhesion, 
wn and w"» are the resistances per unit 
weight on the straight and on the level 
(at the two speeds V, and V») of the trains, 
and w’', and w’» of the two rakes of vehi- 
cles. We find for the two cases : 

1.000 /'8;— wo 
ss By tO" 6 
] 000 fom == (won -| ‘Ey 


Bm (wm + in) 


Qo ay 


and Qin = Pim 


The numbers of trains for the same 
transport, are inversely proportional to 
the load Q : 


Numero; 
vp 
No Qm 
r% w' uo 
1000 f— a 
Pio yi 80 wm btn 7) 
Pain Win + tn wo 


PUNO pe ee 


Om 


Virtual coefficient 7 Ni. — The ratio of the 


virtual coefficients oe is the produet of 

7) 
the three ratios en, 8; and yi; given by the 
formulze, (4). (5), (7). Putting X. = 1 we 
haye: 


Rs 
Kt = amBis 
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We will note that if it were supposed 
that : 


wi +i 
a i ] 6; = 7 
m » PL ee 
Wm + Im 
I / of ” 
Oo = Om, W'9 = Wp = Wy, W'm = W' nm = Wm, 


the equation (3) would become identical 
with that of Maffezzoli, as would be 
expected. 

The virtual coefficients of equation (3) 
assume an absolute character because they 
compare traction actually suited to the 
actual line which is to be investigated, 
with the constant traction which would 
rationally be required for the virtual line. 

We have already said that the ratio a» 
will often be obtained by direct examin- 
ation, which can be effected by means of 
equation (4). The same may be said with 
regard to the ratio 8; which can generally 
be found from the ratio of the cost of the 
whole train on the gradient i, and running 
on the line that has a mean gradient i with 
that of the same train on the gradient im. 

Equation (5) may serve as an auxiliary 
method, but the determination of these 
costs by direct analysis, when it is a 
question of actual trains exactly as they 
are run in practice, is easy and certain. 
In general, moreover, for a well laid-out 
line, the difference between f, and i will 
not be very great, because were it so, the 
line could be split up into several sections 
for load, each of which would give rise 
to a different virtual coefficient. 1t would 
therefore often be possible tomake V;=Vj, 


Pao 


<r 
Nip = Ginbt- 


4+. — We will now consider the return 
journey of the trains on the down-grade; 
these will naturally give rise’ to another 
virtual coefficient );, which, provided the 
uraffic is equal in both directions, is sym- 
metrical to the first. This hypothesis is 
nearly always admissible, because the 
rolling stock and the crews must always 


1 000 f — 


Pam -T000 f= wn + im 


in equation (5), and to give to 8; the form : 


Bue Aga er 
BD! + @ (Wn. + tm) 

which is a more convenient form. 

Equation (7), which lends itself to rapid 
calculation, involves elements which are 
all known. ; 

We should note that in equation (5), the 
coefficients w; and wm are mean co- 
efficients for whole trains given by : 


wi + w"'ido Qo 


ao 
Qo 


Pan 


vi = 


Def. 


t " m 
Wm + W moni 
an 


and Wn = oe PES peed see ey 
pee nm 
Pam 


The distinction between w' and w"” on the 
various gradients is necessary, because 
the unit resistances of the minimum train 
and of the useful part of the train differ 
greatly amongst themselves, and because 
the different make-up of the train causes 
an appreciable variation in the mean 
resistance. 

For the same reason, it is necessary to 
make the distinction in equations (6) 
and (7). 

In general, it would also be erroneous to 
assume that 09 = 6m when the question 
involves entirely different locomotives. 

Substituting (7) in (3) we have : 


' 
Wp 


Ue “4 
0. Wm + Im 


it aaa 
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return, and, as Tajani has noted (in the 
work quoted), the costs do not vary with 
the extent to which the trains are filled. 
On the actual line, therefore, they are the 
same trains and the same locomotives that 
make the return journey, whereas on the 
virtual line, on the level, the traction is 
identical to that of the outward journey. 


A fil this, of course, within the limits of a 
good approximation. 

_ In the equation (4), the weights Pam and 
Pao and the coefficient m are the same as 
on the outward journey. For the coeffi- 
cient a we must substitute the coefficient a’ 
EY ee is the same as a less the energy say- 
When the down gradient slightly ex- 
ze ceeds 4 per mil, the consumption of power 
; s reduced to that necessary for maintain- 
| ing steam on the locomotive for the oper- 
ation of the brakes, for losses, ete. (it is 
sual to estimate this consumption at one- 
fifth of that used on the level), so that it 
ay be considered as a known quantity. 

E speed may be variable. Hence equa- 

0 
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by direct comparison of the cost of running 
the two trains. 

As the consumption of power is constant, 
if the cost is represented by q' we have : 


ee ONT 


8% 


and if the difference between im and iis 

not great, so that we may take Vi=V',, 

we get: 

(11’) 
The ratio y: of the numbers of trains 

does not change; consequently : 


n (4) becomes : PE sate NCHA, ie Seg imere ras (12) 
a Pan -+m vn We have therefore 
am = eet peered ve (10) Ves ONG i en aa NG Eee am Bi Se a mb's (13) 
aPao + ye rere 2 
¥ and, substituting the values in equa- 
n equation - which can often be obtained tion (9): 
wW'o 
1000 f — — 
Ret dyn Bi +- a! mB" : Pao , f 00 wm -- Im ea ; 14) 
t 2 Pins 1000, WD! wee Fi ips 
om 


For each category of trains (for ex- 
mple, express trains and slow trains, and, 
desired, for each of the two cases: 
| passenger trains and goods trains) the 
‘ virtual coefficient i; will be found: the 
mean appropriately obtained for these 
'eoefficients taken on the basis of the whole 
the traffic to which they refer. will give 
the virtual index for the line under in. 
vestigation. 


5. — Retur ning to the equation with 
three terms : 


SSA bP 4+ cP 


fe may now consider how to extend the 
ope of the virtual coefficient by consid- 
ring the two first terms A and bP of the 
osts of working. 

Another important factor may also be 
ought into the comparison, that is, for 


the commercial value of the line in ques- 
tion: we are here speaking of the cost 
of construction; the total annual charge 
under this head may be taken as being 
proportional to the length L; and is con- 
sequently capable of being expressed by: 


eC 


where ¢ is the rate of interest on the mean 
capital expended in first cost C; for the 
length of track Li. 

On the virtual line of a length Ly = Aili, 
this annual cost will be : 


eCoLihi, 
where Cy represents the cost per kilometre 


of the typical line on the level. 
The costs of working comprised in the 


term A are those which are proportional 


to the length of the line and which for 
equal product depend on the gradient, 
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beeause on a line with heavier grades the 
stations, and all the services relating to 
them, are spaced closer together; more- 
over the portion of the cost of maintenance 
which does not depend on the frequency 
of the train service, and the possible 
expenditure arising from uncontrollable 
causes, are generally greater than on lines 
having small gradients. 

If, therefore, on the actual line, we 
assume an expenditure per kilometre of A; 
it will be necessary to consider an expen- 
diture Ag on the virtual line, generally 
smaller than A;, and we shall have for the 
respective lengths : 


A; Ly. et “Agrghz. 

The next term to be considered is that 
comprising the costs of working in bP. 
As the product per kilometre must natur- 
ally be taken as being the same on the 
actual line as on the virtual line, and the 
gradient does not appreciably affect the 
value of 6 these expenses will be respect- 
ively on the two lines : 


bPL; et OPd:Ly. 

We now come to the term cT. The 
coefficient c, the cost per train-kilometre 
on the virtual line, which we will represent 
by €o will become on the actual line, accord- 
ing to what has been stated under the 
headings 3 and 4: 


wa Bi —- 184 
ts wae 


= 


Co 


The number of trains, which is No on 
the virtual line, DEeP Ce 
Nov (a: 


_ The two costs (on the virtual and on the 
actual lines) that are combined in the third 


term of the equation (2) are therefore > 
on the virtual line ; ; 
CoN oda Li, 

on the actual line : 


+ om it a mn 5 
sig RES 

To sum up, the total of the costs of 
working and the annual charge due to the 
cost of construction, are on the virtual | 
line: 


MLi(2Co + Ao + OP + eoNo}) 


and on the actual line : 4 
4 YG ‘ 
bil sc, = Aj Se bP = CoNo meh Eh 


2 


In order that these two amounts may be — 
equal, it is necessary that : 
Bs ot Bs 
A+ 6P+- eQ;+ Coo SOT ess Mi a 
i= 
: Ao+6P +coNo 


which is also a virtual coefficient as under- — 
stood in the larger sense, as a coefficient — 
for the equivalence between the virtual — 
line and the actual line from the point of 
view of the total cost of working and of J 
the annual charge, which appears in the ~ 
railway balance “sheet under the head of - 
establishment charges. 
On the virtual line, once the selection a 
has been made of the suitable locomotives, — 
the product P and the number No of trains 
may be regarded as dependent upon: each at 
other. a 
It is necessary, therefore, to group the 
lines according to their product per kilo- — 
metre; in each group the denominator of — 
equation (15) may be considered as con-— 
stant and it servesin making the compar- ; 
ison between all the actual lines in this — 
group. 
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MISCELLANEOUS INFORMATION. 


1. — The world’s railways during the years 1922 and 1923. 


COUNTRIES. 


I. — EUROPE. 
Germany. 


Prussia (including the Sarre) . 


Bavaria . 
Saxony . . 
Wurtemberg 
Baden. 


Other German States 


Total for Germany. 


Austria . 


Czechoslovakia : 


Hungary . 


Great Britain 


France 
Russia 
Finland . 
Poland 
Lithuania 
Lettonia . 
Esthonia. 
Ttaly . 
Belgium . 
Luxemburg . 


| Holiand . 


Switzerland . 
Spain. . 
Portugal;. 
Denmark. 
Norway . 


_ Sweden . 


Yougoslavia. 
Roumania 
Greece 

' Albany 
Bulgaria. . 


_ Tur ey in Europe oe 
Malta, Jersey, Isle of Man . 


fotal for Ewrope. 


on 34 December 


~ 

ee ee TD OT 
ASO W — 

me] GS 
1S BD 6 % OF 


~) 


rlwawone 


oo 
Or 
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For each country. 


Mileage open 


ab the end 
of 1923 


Area 


(square miles). 


Round figures. 


113 750 
29 500 
5 790 
7530 

5 830 
19 850 


182 250 


32 350 
54 240 
35 790 
94 990 
242 750 
4 444 460 
450 000 
449 930 
24 350 
25 410 
18 340 
419 660 
44740 
4 000 
43 2410 
45 950 
195 440 
35 480 
46 600 
125 030 
173 170 
96 140 
113 900 
50 200 
44 520 
39 810 
14160 
430 


3 444 970 


Population. 


! 442 500 000 


per per 10 008 
{00 square | inhabi- 


miles. fants. 


36 691.000 | 418 
7140000 | 48 
4663 Ou0 7 34 
2519000 | 18 
2208 000 F 25 
6 632 OVO F 22 

59 853.000. J 19 
6 536 000 | 42 

413 613.000 } 46. 


8 149 000 
44517 000 
39 240 000 
67 336 000 

3 365 000 
27 193 000 

2 035 000 

4596 000 

4 407 000 
38 756 000 

7 666 000 

261 000 

6 865 000 


Cre RO De wer 


Oo OOS 


= 
DDK SEWAMHEKEOAINDWAD 


= %9 


PR WOSDOROMHMOOMWWUDDOOODEROURE 


Miles 
oD 5.8 
Ars: 7.6 
6 4.3 
ae aia 
aL 6.8 
0 6.6 
6 6.0 
34) 6. 
6. 


_ 


= 


_ 
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Mileage open 
on 34 ‘December 


COUNTRIES. 


1922 


If, — AMERICA 


Canada : 39 541.0 
United States of America a. (inelud- 
ing Alaska) . A ne 9 252:24143 
Newfounland 950.7 
Mexico 16 443.0 
Centrat AMERICA : 
Guatemala 613.3 
Honduras. 559.2 
Salvador . 256.0 
Nicaragua 200.0 
Costa-Rica 545.5 
Panama 297.6 
GREATER ANTILLES : 
Cuba . 3 005.0 
Dominican Republic 408.2 
Haiti. oe 167.4 
Jamaica 198.8 
Porto-Rico 339.9 
Lesser ANTILLES : 
Martinique 139.4 
Barbadoes 497.7 
Trinity ; , 108.4 
United States of Galumbta E 925.8 
Venezuela E E 659.9 
British Guiana . 103.7 
Dutch Guiana . Sine 
Eeuador . 651.8 
Peru . 4 988.4 
Bolivia 4502.5 
Brazil. 18 704.2 
Paraguay. 308.8 
Uruguay 1 652.8 
Chili :. 5 304.0 
Argentine Republic 23 156.4 
[Total for America. 374 505.0 


III. — ASIA. 


Central Russia and Siberia . 6 656.2 
China. . 6 837.6 
Japan, including Corea, Forniosa 

and Kwantung . . . | 122841 
British India 40 491.4 
Ceylon 7341.9 
Persia. . 350.4 
Asia Minor, Syria, Arabia with | 

Gyprus: > 2.) 3 828.9 


1923 


Miles. 


39 861.7 
251 162.6 


For each country. 


Area. 


(square miles). 


Round figures. 


3 729 880 


3 625 240 
162 940 
760 340 


42 360 
38 680 
13 470 
49 230 
23 010 
32 400 


44 210 
19 340 
11 080 
4210 
3 440 


390 
460 
1970 


495 390 
393 990 
89 500 
54 330 
148 540 
582 220 
567 670 

3 284 020 
174 820 
72 160 
289 820 

1 153 170 


15 781 680 


6 363 070 
4 304 130 


265 150 
1 828 570 
25 330 
628 240 


1 418 280 


Mileage open |f- 


YQ] wWRORRwWYIWKUTAIN RW 


at the end 
of 4923 
per per + 10000 
Population. ] {0 square eat 
miles. tants. 
Miles. 
8788000 | 4.4 | 45.4 
106 189000 | 6.9 | 23.7 
263000 | 0.6 | 36.2 
Aid 235000 Fee da] AAG 
2005 000 | 1.6 3.4 ff 
673000} 2.4) 42 
1582000 | 1.9 1.6 
638 000 | 0.3 peel) 
498000 | 2.9 | 18.4 } 
434000 | 1.5 4 10.8 
34123000 | 8.4 | 44.9 
895000 } 2.4 4.5 
2045000 | 1.6 0.9 
858 000 | 2.4 203 
1 365.000 | 9.8 7A. HS 
244 000 | 48.0 if 
156.000 | 3.2 3 
366 000 } 8.9 4 
5855000 | 0.46] 14 
2491000 | 0.146] 2 
298000 | 0.46} 8 
441 000 | 0:06] 3. 
2000000 | 0.5 ie 
5550000 | 0.32] 3 
2890000 | 0.382] 5. 
30 636 000 | 0.5 6. 
4000000 | 0.46] 3 
4603000 } 2.3 | 40. 
3755000 | 1:8 | 18 
9 548 000 1.9 24. 
210 044000 f 2.4 | 47. 
97857000 | 0.44] 0 
440139000 | 0.46} 0 
17728 000 | 5.0 A 
3418 942.000 fF 2.3 43 
4505 000 | 2.9 £7 
40000000 | 0.05} 0 
24 341000 | 0.32] 4. 
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i Mileage open 
egestas For each country. at the eed 
Derte. on 31 December £1923 
COUNTRIES. . 
: {0 000 
1922 1923 |, Fiame aalest Population. 100 Sta “ia 
Miles. Round figures, Miles. 
Palestine. —. 695.9 9 600 757000] 7.7 | 92] 
Portuguese Indies . 54.0 54.0 1470 579 000] 3.7 0.9 ff 
Malay States . . : 1163.2) 4 163.2 52 090 24418 000] 2.3 4.7 |h 
Dutch Indies (Java, Sumatri) s {882.4 | 1894.6 733 700 49 351000} 0.32) 0.4 jf 
Siam is” 4 . | 4 422.9 |. 1588.6 195 060 9207000] 0.8 1.7 IR 
Cochinchina, Camboja, Annam, 3 
Tonkin em a eee AAO. O | bd 90.4 274 450 19 122000} 0.5 0.7 
Pondicherry. 5 59 0 59.0 120 172 000 | 51.0 3.4 
Philippine Islands. 890 6 809.7 115 020 10 953 000} 0.6 0.7 
Total for Asia, 77 961.6 | 80 475.4 16210650 |1063 071 000} 0.5 One 
IV. — AFRICA. wee | 
Egypt, including Sudan. 4894.0 |. 4 894.0 1 3864 920 19629000 f 0.382) 25 
Algiers and Tunis. 4219.8 | 4 219.8 270 510 7896 000} 1.6 ane, 
Marocco . : 861.9 884.9 162 170 5480000] 0.5 1:6 
Belgian Congo . : d26353-1" Jee Tos2 979 540 7153000] 0.46) 18 
South African Union. 14-475.7 |-44 570.4 473 110 6 929.000} 2.4 ey 
Colonies. 
ENGLAND : 
British East Africa (including 
Zanzibar) . 851.3 | 41:083.7 434 990 5945000} 0.32] 1.8 
| Ex-German East Africa (Pan: 
: ganyka). : 891.7 894.7 365 110 4107000] 0.82]. 2.2 
1 Rhodesia . : 2457.6. | 2-457.6 440 020 1883000} 0.5 | 13.0 
i Betchuanaland . . Pere te 4254 425.4 275 070 153 000} 0.16] 27.8 
; British Central Africa Ses 
; land) Rie Res eis iTS) 173.9 39 960 1202 0007 0.5 4.4 
Sierra-Leone. 334.9 338.0 24 900 1541000] 1.3 es 2 
Gold Coast 193.9 193.9 80 270 2078000] 0.32] 0.9 
; Nigeria 1425.9 | 4425.9 336 190 18 750 000] 0.32] 0.6 
Mauritius. 133.6 144.2 730 377 000 | 19.6 3.9 
South West Atrica. 1307.4 | 1 413.6 322 450 228 000} 0.5 | 62.0 
FRANCE : 
French Sudan AoidoeS eet 13.8 356.580 2475000} 0.5 6.9 
Togo 203.2 204.5 20 080 670 000} 1.0 3.0 
Cameroun. 192.6 246.7 166 530 3000000} 0.46} 0.8 
French Somali Coast (Abys: 
sinia) . 495.2 495.2 46 330 65.000} 1.4-.| 7652 
French equatorial Africa. 1542.9 | 1542.9 874 040 2851000} 0.146} 5.4 
, Madagascar . ' 402 0 435.6 223 950 3278000} 0.16] 1.3 
| Reunion. . . . 78.9 78.9 930 4173 000} 8.5 4.5 
r PorTucat. : 
: Angola. 818.3 818.3 484 880 4182000} 0.16) 1.9 
F Mozambique . 454.8 454.8 293 450 3120000] 0.16] 4.4 
| Total for Africa. 36 511.7 | 37 080.8 | 8030710 | 4103165000] 0.5 | 3.6 
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Mileage a 


Mileapeepen For each country. at the end 
: on 31 December of 1923 1923 7 | 
COUNTRIES. 3 
> Area per aT: a 
1922 1923 feiparactiies™ Population. i ta “ali 4 
£ aceite eee erst acs fies aoa re : 4 | 
V. — AUSTRALIA. Mites Round figures, Mi'es ; 
New Zealand 3044.2) 3029.3 104 750 4219000]}2.9 424.9 
Victoria. . 4349.4] 4377.0 878 800 1531000}5.0 | 28.6 
4| New South Wales. 5 443.9) 5477.5 309 470 21000004941.8 | 26.4 
South Australia 3467.3] 3483.4 380 090 495 000}1.0 | 70.5 
Queensland . 7022.9) 7067.0 670 5380 756 000 41.4 93.5 
Tasmania 867.5 Sipe 26 220 214000] 3.4 40.8 
West Australia. 4839.3] 4869.8 975 950 333.000 ] 0.5 146.2 
North Territory : é 197.6 198.8 523 650 3 867000} 0.032] 0.5 
i Territory of the Federal Capital : 4.9 4.9 930 2572 0004 0.5 0.018 
Hawai (with the Isles Maui and 
Oahu) . 242.9 242.9 6 450 256 000 | 3.7 925 
: Total for Australia. 29 446.6] 29628.7 876 840 13 343 000 |4.0 aa 
RECAPITULATION. 
} 
{| Europe 228 645.5)/2386 119.6] 3444970 | 442500000] 6.9 5.7 
I) America. 374 505.0}872 128.9] 15781680 | 210044000] 2.4 | 17.7 
Asia , 77 961.6] 80475.4] 416 240650. |1063 071 000} 0.5 0.7 
Africa 36 541.7} 37080.3] 8030710 | 103165000] 0.5 3.6 
Australia. 29 446.6] 29628.7] 3876810 13 343 000] 1.0 | 22.2 
Total for the world. 744 070.4|755 432.6] 47344850 |1802423000] 1.6 4.2 | 
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2. — New American three-cylinder locomotives. 


Fig. 1, p. 367. 


For some time passed, American locomotive 
builders and railway companies have been in- 
teresting themselves in three-cylinder 1loco- 
motives. 

In addition to the more even turning mo- 
ment and the better use of the adhesion ob- 
tained thereby, these engines, in which the 
work is divided up between three cylinders, 
may be built to a capacity which it would 
be difficult to obtain with the ordinary two- 
cylinder arrangement. 

It is no doubt considerations of this and a 
similar nature which have justified the con- 
struction of the two new types of three-cyl- 


inder locomotives, a description of which we 
take from the Railway Age. 

This describes sixteen engines built for the 
Southern Pacific, and one for the Union Pa- 
cific by the American Locomotive Company, 
in both cases being of the 4-10-2 type. 


The first mentioned are stated to be the- 


most powerful locomotives in existence other 
than the articulated type. They are used for 
passenger and freight traffic in the mountain- 
ous districts of Sierra Nevada where the 
gradients are as much as 1 in 45. The adhe- 


sive weight is 316000 lb., and the tractive 


effort at 70 % cut-off is 83500. The wheels 
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of the trailing truck may be driven by a 
booster which increases the tractive effort to 
95 700 lb. 

The Union Pacific locomotive has an adhe- 
sive weight of 288500 lb., and with a cut-off 
of 85 % develops a tractive effort of 78 000 Ib, 

The Southern Pacific engines are oil fired, 
while the Union Pacific engine is fired with 
coal by means of an « Elvin » mechanical 
stoker. eae 


The boilers have the usual features of those 
used on powerful American locomotives: a 
spreading grate, a round top box sloping 
towards the rear, combustion chamber and 
partially conical barrel. The diameter in the 
case of the Southern Pacific engines is 8 ft. 


Cylinders, diameter and stroke 


Piston valves, diameter. 
Working pressure . 
Gratevarearce to eee 
Heating surface 

Superheater heating surface . 

Diameter of driving wheels 
Tractive effort (85 °/o) 
Tractive effort (70 °/,) 
Adhesive weight 
Total weight. 

Weight of tender . 

Wheel base of coupled wheels 
Rigid wheel base . 

Wheel base of engine and Entce 
Coefficient of adhesion 
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3. — A new wheel lathe for carriage and wagon shops. - 


‘pair of coupled wheels are horizontal. The 


4 in, at the largest diameter, and 7 ft. 4-5/16 in. 
at the front ring. , 
The outside cylinders which drive the third 


inside cylinder which drives on to the second © 
pair of wheels is inclined, but its piston valve 
is in line with those of the outside cylinders, © 
which allows it to be driven through suitable 
rocking levers from the outside sets of motion, 
which are of the Walschaerts type. 

The tenders, which have a cylindrical tank, 
are carried on cast steel frames mounted on 
two six-wheeled bogies. 

The diagram which we give refers to the 
Southern Pacific locomotives. 

The principal dimensions of these two types 
are given in the following table. 


Southern Pacific. 


2 — 25 in. by 32 in. 
{ — 25 in. by 28 in. 


Union Pacific. 


2 — 25 in, by 30 in- 
4 — 25 in. by 28 in. 


41 inches. 11 inches. 
225 lb. 210 Ib. 
89.6 sq. ft. 84 sq. ft. 
5 676 sq. ft. 5 522 sq. ft. 
4500 sq. it. 4505 sq. ft. 
63 4/2 inches, 63 inches. 
sd ; 78 000 Ib. 
83 500 Ib. ise 

3416 000 Tb. 288 500 Ib. . 
442 000 lb. 405 000 Ib. 
244 000 lb. 242 500 lb. 
22 ft. 10 in. 22 ft. 6 in. 
16.469 in: 16 ft. 6 in. 
87 ft. 34/4 in. 82 ft. 5 in. 

3.61 3.69 
BE. Me 


Figs. 2 to 5, pp. 369 and 370. 
(The Railway Engineer.) 


There has been a tendency to treat the turn- 
ing of different classes of wheels as though 
the conditions were similar, and in consequence 
of this, wheel lathes for railway coaching stock 
have generally increased in power and weight 
in the same ratio as locomotive wheel lathes. 


‘The condition of locomotive and railway-car- 
riage wheels when brought in for re-turning 
are essentially different, as deep cuts are often 
necessary on locomotive wheels either to re- ~ 
form the flange or to bring the wheel diameter 
to that of others coupled to it. In general, 
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. — Hulse combined turning and grinding machine for railway rolling stock wheels. View from cutting side. 


Ist operation : 2nd operation : 3rd operation : 
turning tread grinding forming 
and topping flange. tread. flange. 


Fig. 3. — Turning and grinding operations on worn wheels. 
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| 
Fig. 5. — Plan views of Hulse double railway whee | 


lathe, showing details of grinding mechanism. 


_ wheels which is due to wear, but in many cases 
flats often form on the circumference of the 
tread and hard spots are present as the result 
of skidding. These cannot be turned through, 
_ and the common practice is to take a cut deep 
_ enough to get well under them. This is more 
_ than the amount necessary to re-form the 
” flange, and thus there is a great wastage of 
_ tyre steel. — = 
Records recently taken in-a British railway 
_ shop, using a softer steel than is usual in cur- 
_ rent practice, showed the following results : 
- — Out of 186 pairs of wheels a second cut, 
approximately 1/8 inch deep, was necessary in 
- 43 cases, in order to get below the hard places. 
' This 1/8 inch of metal represents one-tenth 
‘of the working life of the tyre, and, inciden- 
tally, one-tenth of its value. The percentage 
of cases wherein extra metal has to be re- 
moved, due to hard spots, is greater where 
steel of higher tensile is used. It is to ob- 
viate this wastage of material, that the 
grinding-wheel lathe, illustrated herewith, has 
been introduced. It consists essentially of two 
headstocks each with suitable drivers for driv- 
ing the wheels, two tool rests, and two self- 
contained grinding heads. 
Fach tool-rest of the lathe is fitted with a 
gauging device and four tools — one for the 
tread, another for topping the flange, a form- 
ing tool for the flange, and a tool for the 
chamfer. These tools are set to determined 
positions by a gauge. 
By means of the gauging device, the opera- 
tor can find the lowest point of wear on each 
wheel, i. e., the maximum diameter up to 
which it is possible to clean both wheels. A 
cut is started on the treads and on the flange 
simultaneously, and, due to the indexed rule 
on the tool slide and the tool being set to the 
gauge, it is ensured that both wheels are 
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The Boston & Albany Railway Company 
- gave an order to the Lima Locomotive Works, 


‘there is little flange deformation in carriage 
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similar in diameter. The tread on the outside 
is slightly humped up for about 1 inch, partly 
owing to rolling of the metal, and it is pos- 
sible to. turn this before encountering the hard 
places, and when they are reached the turning 
is stopped. It is possible, of course, to omit 
this turning, but generally it is the more eco- 
nomical method. 

The remainder of the tread is ground, and 
it is possible, due to this method, to just clean 
up the -wheels, leaving a semblance of the 
previous outline, After the grinding is com- 


_ pleted on the tread the flange is finished with 


the former tool. 


As has been stated, the advantage of this 
system is that the metal removed is reduced 
to a minimum, and it is possible to insist on 
a resemblance of the old form being left some- 
where on the surface. As to the actual sav- 
ing effected by this method, the results quoted 
above show that in approximately 25 % of 
the tyres machined one-tenth of the total life 
and value of the tyres is saved at each ma- 
chining. 

Another factor of value is the saving in 
tool steel, the cost of which in breakage and 
re-grinding, when dealing with hard tyres, is 
considerable, The time in dealing with a hard 
tyre in the new lathe is less than in the or- 
dinary lathe. 

Wagon wheels have not these hard spots 
due to skidding, and are usually of a lower 
tensile steel. With the exception of brake- 
van-stock, therefore, grinding does not offer 
advantages. The lathe illustrated is capable, 
however, of a high output when turning 
wheels only, whether they be carriage wheels 
without hard spots or wagon wheels. 


These lathes are in successful operation in 


two shops of two of the English railway 


groups. 


4. — Boston & Albany Railway Company’s 2-8-4 locomotive. 
Figs. 6 to 8, pp. 372 to 375. : 
{From The Railway Engineer and Railway Review.) 


Ine., to build them a 2-8-4 loeomotive, which 
was put into service in February 1925, and 
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Albany Railway. 


30" STROKE 


a certain amount of displacement at the same 
time allows very wide air passages between 
the ashpan and the foundation ring. On ac- 
count of the distance between the axles of the 
truck, it has been possible to give to the 
ashpan a very large cubical capacity, amount- 
ing to nearly one cubic foot to each square 
foot of grate area. 

The engine is provided with a booster work- 
ing the back axle of the truck, this axle being 
fitted with larger diameter wheels than the 
front axle — 45 inches against 36 inches. 

In order to carry the cab, footplate, and 
other accessory appliances, the foundation 

Ying has been cast with projecting flanges on 
the back and sides, which are bolted to the 
brackets. : 


There are two special points that should be 
noticed with regard to the motion. First of 
all, the maximum cut-off is limited to 60 %, 

and in order to obtain a sufficient average 
pressure in the cylinders, a maximum boiler 
_ pressure of 240 lb. per square inch has been 


_ adopted. ; 


This high pressure increases the load on the 
erank pins and on the driving boxes. The 
connecting rod is in two parts, the front one 


155 28" ia x 


Hn 


——~ 99 


} 
(4 


acting directly on the main crank pin (third 
coupled axle), and the other transmits a por- 
tion of the thrust on to the back axle, thus 
lightening the load on the main crank pin by 


_about a quarter, 


The arrangement adopted is shown in 
figure 7, the big end of the connecting rod 
properly so called is forked, between the 
cheeks of which the back portion is let in, 
thus forming a coupling rod. The two parts 
are assembled together by a strong steel bush- 
ing forced by pressure into the cheeks of the 
fork, thus forming-a hinge pin for the back 
part. 

Cast steel instead of cast iron has been used 
in the construction of the cylinders, which has 
effected’ a saving in weight of 4000 Ib., and 
instead of the exhaust passages being formed 


‘entirely in the casting, they are partly made 


up with outside piping. No other steam pas- 
sages are in the saddle except those leading 
to the front and back faces of each semi-sad- 
dle towards the interior and the top and lead- 
ing up to the base of the exhaust pipe. 

Like other locomotives with limited admis- 
sion, the 2-8-4 locomotive of the Boston & 
Albany Railway is provided, in addition to 
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the ordinary admission ports cut in the steam 
chest sleeves, with a number of supplemen- 
tary slots of reduced section, which allow 
starting to take place in amy position of the 
cranks, but become inoperative as soon as the 
engine has acquired a certain speed. 

In addition to this, an arrangement has 
been provided to extend admission on the 
front face of the pistons in order to regulate 
the turning moment. This object is attained 
in extending by 7/16 inch two of the ordin- 
ary admission ports (the others haying a 
width of 2 3/16 inches). By this means the 
admission on the front face when running 
slowly is extended to 63 % instead of the 
60 % on the back face. 

The shape of the boiler is shown in figure 6. 
The box top is in the form of an arc of large 
radius sloping towards the back and joined 
up to sloping sides, thus making room for a 
grate 96 1/4 inches wide. The brick arch is 
carried on five water tubes. 

An outside steam pipe joins the dome to 
the superheater header. The throttle arran- 
gement is fixed in the smokebox in front of 
the chimney. The two steam delivery pipes 
encircle the inside of the smokebox through 
which they pass to the admission passages of 
the cylinders, 

The principal dimensions of this engine are 
as follows : 


Diameter of cylinders. . . . 28 incbes, 
Stroke of cylinders ...... 30. — 


Adhesive weight in pia 
Onder cei. eee ae ene 


Weight in working order on 
leading trucks, 5 Hex fae 


Weight in working order on 
trailing truck. 2.2... 
Weight in working: order, 
total for locomotive. 
Weight in working order, 
total for tender. .... . 
W heel base of coupled wheels 
Wheel base, rigid. .. .. : 


Wheel base, total for loco- 
motive 


wa ial, fe." teake, Sige az ele Sew 


Wheel base, total for loco- 
motive and tender... .. . 


Diameter of driving wheels. 


Diameter of leading truck 
wheels 


Diameter of trailing truck 
wheels.2 xt aero pes ters 


Heéatime surface. 5 Sas os 
Superheating surface... . 
Steam pressure... . 2 a. 
Rated tractive force. 


Rated tractive force, with 
booster 


<a) we ane oe 


248 200 tb. 
* 35 500 Ib. 
104 300 Ib. 
385 000 lb. 


275 000 th. 
16 ft. 6 in. 
46 ft. 6 in. 


Ad ft. 8 in 


82 ft. 6 in. 
638 inches. 


33 


36 and 45 inches. 
4100 square feet. : 
54140 — — 
2444 — — 
240 Ib. per sq. inch. _ 
69 400 lh. 


-82’600 Ib. 
45 000 gallons. 
48 short tons. 


E. M. 


_ OFFICIAL INFORMATION 


ISSUED BY THE 


OF THE 
eee ont RAILWAY CONGRESS ASSOCIATION 


Award of the triennial « Arthur Dubois ~ Prize Cy 
~ (2nd award : 1923-1925.) 


T he special Committee appointed to examine the papers sent in on operation or 
ynstruction of railways in connection with the prize instituted by the Permanent 
mmission to perpetuate the memory of Mr. Arthur Dubois, have unanimously 
cided that this prize for the second triennial period (1923-1923) should be awarded 
) Mr. Albert Henrotte, engineer on the Belgian State Railways, for his work on 


Turbine locomotives ». 
We offer our hearty congratulations to Mr. Henrotte on his success. 


The Executive Committee. 


(1) The regulations governing the award of this prize were published in the May 4920 number (p. 310) 
the Bulletin of the International Railway Congress Association. 
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Denis PEROUSE, 


Honorary Inspector General of Bridges and Roads; 
Honorary President of the Administrative Council of the Paris, Lyons and Mediterranean Railway ; 
Former Member of the Permanent Commission of the International Railway Congress Association ; 


Delegate to the Sessions ut London (1895), Paris (1900), 


We were sorry to hear of the death of 
our former colleague on the Permanent 
Commission : Mr, Denis Pérouse, Hono- 
rary President of the Administrative 
Council of the Paris, Lyons & ° Mediter- 
ranean Railway. 

Mr, Pérouse was nominated a Member 
of the Permanent Commission in 1900, 
and acted as such until the Rome Session 
of 1922. Born in 1846, Mr. Pérouse en- 
tered in 1866 the « Ecole Polytechnique » 
and in 1868 that of the Bridges and 
Roads Service. His studies were inter- 
rupted by the War of 1870 in which he 
served as an Artillery Officer. 


Washington (1905), Berne (1910) and Rome (1922). 

He resumed his studies after the Cam- 
paign and passed out in 1871 with the 
Diploma of Engineer of Bridges and 
Roads. 

At the commencement of his career he 
was given control of a department of a 
railway at Valence.” In 1876 he was at- 
tached to the Operating Headquarters of 
the Northern Railway at Paris. 

As Chief Engineer he returned to Va- 
lence, but was recalled to Paris in 1885 §} 
to take up duty as Engineer-in-Chief 
controlling the operating of the Paris, §} 
Lyons & Mediterranean System. He dis- 
played such remarkable technical and ad- 
ministrative ability that he was called to 
the Control of Railways at the Ministry 


of Public Works, first of all as Assistant 


and then as Director. 

In the interval he was made Sccrsaame 
of the Committee on the Technical Ope- 
ration of the Railways, delegate to the 
Consulting Committee, member and re- 
porter of numerous ‘technical commis-- 
sions, etc. He carried out these duties” 
until 1906 when he took a well merited 
rest. A new period of active life how- | 
ever opened out for him. Many impor= 
tant French Companies interested in the 
Transport Industry sought him out in 
his retirement, and asked him to put at 
their service his experience and ability. 

In this way he became in 1910 Admi- 


Eicator, and in 1915 Vice-President of 
Bie Paris, Lyons & Mediterranean Rail- 
way. He was also appointed Administra- 
‘tor of the Moroccan Railways of the 
Franco Spanish Railway from Tangiers 
to Fez, and President or Administrator of 
other important undertakings. 
On 29th October 1925 his Colleagues 
on the Administrative Council of the Pa- 
| vis, Lyons & Mediterranean Railway, still 
"suffering from the recent loss of their 
President, Mr. Stephan Dervillé, unanim- 
ously suggested him as his successor, 
_ Mr. Pérouse, who felt his strength failing, 
_ declined this honour, whereupon the 


Council made him Honorary President, 
this being the last Council meeting he at- 
tended. 
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He died-peacefully on the 16th Novem- 
ber 1995. 

As Director of Railways at the Minis- 
try of Public Works, then as Adminis- 
trator of the Paris, Lyons & Mediterran- 
ean Railway, he was on the Permanent 
Commission of our Association, and was - 
a delegate to the Sessions of the Congress 
at London in 1895, at Paris in 1900, at 
Washington in 1905, at Berne in 1910 
and at Rome in 1922 

He took a great interest in the Congress 
Association with which his work was 
marked by great clearness of judgment. 

We have sent our sincerie condolences 
to his family and our heartfelt regrets to 
the Paris, Lyons & Mediterranean Com- 
pany. 

The Executive Committee. 
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nomenclature, the use throughout of the 


word < railway » in place of « railroad > 
might at times be somewhat confusing, 
but it makes the book easier reading for 
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a British railwayman, and many of the 
latter should read it for the reasons stat- 
ed in the beginning of this review. 

D. 


BOURDRE (J.), French Government Engineer of Public Works. -— Manuel des chemins de fer 
(Railway manual). — Motive power, rolling stock, traffic working and legislalion — One volume 
6 1/4 & 4 1/4 inches) of 460 pages with 75 figures in the text — 1924, J. B. Bailliére & Sons, 
19, rue Hautefeuille, Paris. — Price : 18 francs. 


This book is one of the technical 
series published under the editorship of 
Mr. René Dhommée, inspector general of 
Technical Schools. It is intended, as is 
stated by Mr. Dhommée in the preface, 
for intelligent workmen who wish to 
have a reliable guide. Like other books 
of this kind, it aims at supplying fuller 
information for workers who are not in 
a position to appreciate the ordinary 
text books, and at presenting the infor- 
mation in a clear manner so that they 
can more easily grasp this and become 
masters of their crafts. 

With this object in view, would it not 
have been better to have dealt with a 
more restricted range of railway sub- 
jects ? The matters dealt with are very 
comprehensive and various, and the 
author has no. doubt found it a difficult 
task to condense these so that they may 
be presented in a clear manner without 
exceeding the size of a hand book. It 
appears that he has accomplished this 
very successfully, but will he find his 
readers among intelligent workmen ? 
No doubt a certain number, of which 
there are not many and of which it is to 
be wished that there were more, who 
desire to extend their outlook, will use 
Mr. Bourde’s book with the object of in- 
creasing their knowledge. There they 
will find in a simple and clear form 
very valuable and extensive information 
on the various branches of railway work. 
We think, however, that this book goes 
rather too far to meet the requirements 


or provoke the interest of manual 
workers who would gain greater advant- 
age from books with a more limited 
scope dealing more closely with the 
work which they have to carry out day 
by day. 

Notwithstanding this opinion, we may 
say that the author has produced a very 
useful book, and as he has extended its 
scope, it will appeal ‘to another class of 
readers. A large number of railway em- 
ployees are too much specialised with a 
limited outlook and no experience out- 
side their own duties. A.number of em- 
ployees of this nature will read Mr. Bour- 
de’s book with great advantage. They 
will obtain very concise and useful in- 
formation on the class of work with 
which they have to deal themselves, and 
they will gain a knowledge of the meth- 
ods of organisation of other branches of 
the service, thus permitting them to take 
a more active and consciencious part in 
the general work of the organisation of 
which they form elements. 

Even a brief description of the work 
would occupy ‘too much space. We will 
therefore confine ourselves to an extract 
from the table of contents. 


First part — Steam engines. 
Chapter 
I, — Properties of steam ; 
1]. — Employment of steam as a prime 
mover ; 


III. — The locomotive. 
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SECOND PART. — Motive power and rolling stock. 
Chapter 
IV. — Motive power ; 
V. — Locomotive calculations; 
VI. — Types of locomotives ; 


VII. — Necessary equipment of the loco- 
motive department; 


VIIl. — Rolling stock; 
IX. — Brakes; 
X. — Heating and lighting. 


Turd part. — Traffic operation. 

Chapter 

XI. — Organisation of stations; 

XIL. — Traffic working in goods yards and 

stations; 

XIIL. — Safety appliances ; 

XIV. — Telegraphs and telephones ; 

XV. -— Traffic working; 

XVI. — Running of trains; 
XVII. — Upkeep of the track. 
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Fourtu part. — Commercial operation. 


Chapter 
XVIII. — Rates; 
XIX. — Passenger traffic ; 
XX. — Freight traffic; 
XXI. — Utilisation of slow freight rolling 
stock; 
XXII — Military transportation ; 
XXII. — Working expenses ; 
XXIV_ — Statistics. 


Firru part, — Legislation 


We may perhaps be permitted in clos- 
ing to make one remark. The fifth part, 
which is very interesting and deals with 
legislation, would be of more value, es- 
pecially for French readers, if it includ- 
ed the principal provisions of the Act of 
1921, which instituted the new railway 
regime in France rendering the railways 
financially sound and creating a bonus 
system with the object of interesting the 
staff in the traffic results. 

E. M. 


GHOSH (S. C.). Late Reader, Postgraduate Teachings in Arts, Calcutta University. — Freight 
yards terminals ani trains and freight traffis operation. — One volume (!0 x 61/2 inches) of 
196 pages, with 1] sheets of diagrams at the end. — 1925, The Book Company, 4/4A, College 


* Square, Calcutta. 


Were it not for the Introduction, it 
would be somewhat difficult to ascertain 
the object of this book, In the Introduc- 
tion, however, it is stated that the object 
« has been to collect together all facts re- 
lating to goods traffic and transportation 
in its various stages >. This as far as 
Indian railways it does. probably effec- 
tually, but in many parts it is so elemen- 
-tary as to be of no value to the practical 
railwayman, whilst in others it is some- 
what disjointed and ill arranged when 
dealing with more technical matters. 
The readers will probably comprise In- 
dian students who propose to enter the 
railway service, 


On the whole, however, the book is 
interesting as being written by an old 
Indian railway official, who has eviden- 
tly read considerable literature on rail- 
ways dealing with British and American 
practice. 

By far the largest section of the book 


is the first, which deals with « Goods — 


trains and goods yands and their opera- 
tion ». Many authors are quoted, and it 
is interesting to see that these include 
Mr, Simon-Thomas, whose report at the 
recent London Congress is mentioned. 

« Push and Pull > yards are apparently 
largely used in India. ; 

At the end of the section there are a 
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series of statistics showing the work done 
and the cost of nearly 60 yards in India, 
nine of which are « Gravity and Hump 
yards », The largest is at Naihati on the 
Eastern Bengal, which in October 1924 
dealt with 61500 wagons. The work 
done in each of the months of September, 
October and November 1924 is dealt 
with, but it would have been more inte- 
resting if months at the different parts of 
the year had been selected. 


Other sections deal with procedure in 


goods operation, pooling and distribution 
of wagons. and coal traffic. In connec- 
tion with this latter, it is interesting to 
note that in 1923-1924 the East Indian 
Railway dealt with 10610000 tons of 
coal in the year. 

The book concludes with sections on 
conveyance of live stock, goods operat- 
ing statistics, loss and damage of goods 
and with railway arrangements at Delhi, 
which is becoming the great railway 
centre of India. 1D 
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ROUSSELET (Louts), engineer A. and M., and PETITET (Aims), engineer A. and M, — Stabilité 
des infrastructures et ouvrages d’art en maconnerie (Strength of masonry structures and buildings). 
— Volume I: General: — Theoretical study. — Appendix. — ] vol. in-8°(10 1/4 xX 7 3/4 inches) 
403 pages wilh 219 figures in the text. — 1924, Ch. Béranger’s Technical Library, Paris and 


Liége. 


« The object of this book-is to simplify 
the calculation of strength and stability 
of masonry structures and buildings. > 

The examples dealt with in this book 
are innumerable. 

They deal especially with foundations 
on level and sloping ground. 

The walls of water reservoirs and 
retaining walls, earth retaining dams, 
abutments and the piers of flat and 
arched bridges. 

The sills, piers and lateral walls of 
locks and sluice gates. 

The anchorage of cables and pylons 
for suspension bridges. 

The foundations of swing-bridges. 

Large diameter conduits frequently 
buried, and tunnels. 


In this group, numerous practical cases 
of sea walls, quay walls and dams have 
been set out at length. 

The construction of large diameter 
counduits built for making use of water- 
falls in mountainous countries is also 
explained in detail. 

The appendix contains many useful 
suggestions with regard to public works, 
such as the digging of tunnels under 
rivers, etc. 

This book, being written in a practical 
manner, should be consulted with benefit 
by those engaged on public works, they 
will find in it valuable information 
resulting from long experience of work- 
ing out schemes rapidly. 

R. D. 


